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In  entering  upon  the  labor  incident  to  the  preparation 
of  a  work  purporting  to  treat  comprehensively  of  the  physi- 
ology of  man,  the  author  appreciated  the  magnitude  of  the 
undertaking ;  and  the  special  study  which  it  necessarily  de- 
manded has  not  diminished  that  diffidence  with  which  a 
student  of  any  of  the  natural  sciences  puts  forward  a  book 
which  he  hopes  may  add  somewhat  to  existing  knowledge, 
or  fairly  represent  what  is  known  in  any  particular  depart- 
ment. In  assuming  so  grave  a  responsibility,  the  author 
should  be  actuated  by  a  sense  of  peculiar  fitness  for  his  task, 
as  well  as  a  conviction  that  literature  demands  such  a  work 
as  he  proposes  to  write.  Without  assuming  these  good  and 
sufficient  reasons,  the  author  of  the  present  volume  pleads  an 
earnest  desire  to  advance  the  science  of  physiology  and  facili- 
tate its  study ;  and  he  indulges  the  hope  that  he  may  be  in- 
strumental in  making  the  student  and  practitioner  of  medi- 
cine better  acquainted  with  what  must  be  conceded  to  be  the 
basis  of  true  pathology,  and  interest,  to  some  extent,  the  gen- 
eral reader  in  the  all-important  subject  of  human  physiology. 

The  plan  of  the  present  work  involves  a  consideration  of 
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pal's  human  physiology,  and  will  embrace  physiological 
chemistry  and  the  anatomy  of  the  tissues  and  organs  of  the 
body,  only  so  far  as  necessary  for  the  elucidation  of  the  func- 
tions of  tlie  organism.  Though,  undoubtedly,  the  chemistry 
and  general  anatomy  of  the  tissues  and  organs  strictly  belong 
to  physiology,  they  present  many  points  which  have  no  bear- 
ing, that  we  are  as  yet  able  to  comprehend,  upon  the  func- 
tions. In  the  present  condition  of  the  science,  a  considera- 
tion of  these  would  only  encumber  and  obscure  the  history 
of  the  physiological  processes.  While  it  is  undoubtedly  true 
that  every  advance  in  physiological  chemistry  or  histology 
will  have  its  bearing,  sooner  or  later,  upon  physiology,  it  is 
evident  that  discoveries  in  these  departments  must  be  multi- 
plied and  coordinated  before  their  relations  to  the  functions 
can  be  fully  appreciated.  Until  then  they  are  specially  inter- 
esting only  in  a  chemical  and  anatomical  point  of  view.  In 
the  same  way  every  discovery  in  physiology,  no  matter  how 
unimportant  it  may  at  first  appear  in  a  practical  point  of 
view,  will  eventually  have  its  bearing  upon  practical  medi- 
cine, surgery,  or  obstetrics ;  yet  it  will  not  find  its  way  into 
works  on  those  subjects  until  its  relations  become  apparent. 

As  an  introduction  to  the  study  of  physiology  proper,  a 
certain  amount  of  knowledge  of  physiological  chemistry  is 
indispensable.  It  is  in  this  direction  that  we  are  to  look  for 
advances  which  will  enable  us  to  comprehend  the  processes 
of  nutrition,  the  end  and  object  of  all  the  vegetative  functions 
of  the  body.  The  introduction,  then,  is  devoted  to  physiolog- 
ical chemistry.  No  attempt  has  been  made  to  treat  of  this 
subject  exhaustively,  or  to  include  a  consideration  of  all  the 
proximate  principles  which  have  been  isolated  and  studied. 
As  the  general  properties  and  relations  of  the  diflferent  classes 
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of  proximate  principles  are  by  far  the  most  important  to  us  as 
physiologists,  these  have  been  specially  dwelt  upon,  and 
their  relations  to  nutrition  followed  out  as  completely  as 
possible,  with  our  present  knowledge.  A  consideration  of 
the  excrementitions  proximate  principles,  being  connected 
exclusively  with  excretion,  has  been  deferred,  to  be  taken  up 
in  connection  with  that  function. 

In  treating  of  physiology  proper,  it  has  been  the  design 
of  the  author  to  present  what  is  actually  known  regarding 
the  fiinctions  of  the  body ;  and  in  order  to  facilitate  their 
study,  he  has  generally  commenced  the  consideration  of  in- 
dividual functions  with  a  sketch  of  the  physiological  anat- 
omy of  the  parts.  This  is  the  natural  point  of  departure  in 
the  thorough  investigation  of  any  special  function. 

The  science  of  physiology  dates  from  the  earliest  periods 
in  the  history  of  medicine;  and  certain  important  physio- 
logical facts  were  demonstrated  experimentally  hundreds  of 
years  ago.  While  the  author  has  regarded  purely  historical 
considerations,  and  discussions  of  mere  theoretical  questions, 
as  improfitable,  he  has  attempted  to  give  due  credit  to  those 
who,  by  their  experiments  and  observations,  have  contributed 
to  bring  the  science  to  its  present  condition.  With  this  view, 
he  has  procured  and  consulted,  as  ftir  as  possible,  accounts  of 
original  investigations ;  but  from  the  poverty  in  physiologi- 
cal works  of  the  public  libraries  to  which  he  has  had  access, 
it  has  beeji  necessary  to  depend  to  a  certain  extent  on  the 
exhaustive  treatises  on  physiology  published  in  other  coun 
tries.  Though,  undoubtedly,  he  has  been  unable  in  all  in 
stances  to  give  due  credit  to  every  observer,  this  has  been 
attempted  as  far  as  possible. 

It  is  an  undoubted  fact  that  nearly  all  the  important 
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developments  in  physiology  have  been  the  result  of  experi- 
ments upon  living  animals,  by  vivisections  or  otherwise,  or 
accurate  experimental  observations  upon  the  human  subject. 
The  great  extension  of  this  method  of  study  is  the  cause  of 
the  rapid  advances  the  science  is  making  at  the  present  day. 
For  some  years  the  author  has  been  in  the  habit  of  employ- 
ing vivisections  in  public  teaching,  and  in  this  way  has  fre- 
quently verified  tlie  observations  of  the  earlier  as  well  as  the 
more  modem  physiologists.  A  frequent  repetition  of  experi- 
ments has  often  enabled  him  to  reconcile  the  discordant  re- 
sults of  the  observations  of  others ;  and  following  out  new 
questions  which  have  presented  themselves  in  the  constant 
observation  of  the  living  organs,  he  has  advanced  some 
original  views  regarding  certain  of  the  functions.  A  new 
method  is  likewise  presented  for  the  analysis  of  the  blood 
with  reference  to  its  organic  constituents. 

The  plan  of  publication  of  the  present  work  is  one  which 
is  novel  in  this  country,  but  which  has  been  adopted  abroad, 
particularly  in  France,  in  almost  all  elaborate  treatises  on 
physiology.  It  is  to  be  issued  in  five  volumes,  each,  how- 
ever, forming  a  distinct  treatise  devoted  to  natural  sub- 
divisions of  the  subject. 

New  York,  October,  1865. 


The  present  impression  of  this  volume  contains  numer- 
ous corrections,  which  have  been  made  from  time  to  time 
since*  its  publication  in  1866.  Important  alterations  have 
been  made  on  pages  171  and  172,  in  the  history  of  the 
discovery  of  the  circulation,  which  has  been  entirely  re- 
written. 

New  Tork,  October,  1872. 
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General  considenitions — ^Vital  properties  of  organized  structures — ^Proximate  prin- 
ciples— Inorganic  principles — Organic  non-nitrogcnlzed  principles — Organic 
nitrogenized  prindples. 

The  epoch  of  purely  speculative  reasoning,  -without  the 
basis  of  established  facts  sufficient  to  justity  any  connected 
theories,  belongs  to  the  remote  history  of  Natural  Science. 
The  ideas  of  the  great  philosophers  of  ancient  times,  who 
studied  Nature  by  what  may  be  called  the  intuitive  method, 
have  been  gradually  giving  place  to  doctrines  based  on  the 
observation  and  investigation  of  phenomena.  Ages  of  obser- 
vation and  generalization  of  facts  by  the  greatest  intellects 
have  put  us  but  little  beyond  the  threshold  of  the  great 
domain  of  Science.  But  we  have  learned  enough  to  know 
that  all  Nature  is  regulated  by  immutable  laws.  Students 
of  her  divine  mysteries  should  be  more  than  content  if  per- 
mitted to  discover  some  of  the  truths,  the  development  of 
which  marks  the  scientific  advancement  of  each  succeeding 
age,  though  they  may  seem  an  insignificant  portion  of  what 
is  to  be  learned.  It  is  only  by  accurate  observation  and 
generalization  of  a  sufficient  number  of  phenomena,  that  the 
laws  of  Nature  are  to  be  discovered.    They  are  the  creation 


of  aa  infinite  wisdom  -wbicli  never  erre.  We  cannot  hope  to 
arrive  at  a  knowledge  of  them  by  pure  reaeoniug ;  or  liy 
assuming  tliat  tlicy  are  in  accordance  with  definite  principles, 
too  often  tlie  offspring  of  our  oivn  limited  intellects.  Never- 
theless, it  is  a  physiological  attribute  of  the  human  mind  to 
deeire  to  press  on  in  advance  of  observation,  and  to  form 
theories,  which  may  or  may  not  be  carried  out  by  the  suc- 
ceeding development  of  actual  knowledge.  Theories  whicli 
are  not  built  upon  false  or  imperfectly  observed  phenomena, 
are  the  pioneers  of  actual  discovery.  When  theoretical  pre- 
conceptions are  justified  and  corrected  by  original  observa- 
tiona  and  exi)eriments,  with  tbe  brain  to  conceive  and  the 
■will  to  execute,  man,  in  thua  working  out  the  great  problems 
of  Nature,  is  fulfilling  one  of  tlie  highest  purposes  of  bis 
ejOEtence. 

With  the  few  tacts  which  were  at  first  known,  the 
ancient  speculative  philbsophy  professed  to  embrace  the 
whole  of  natural  science;  but  as  discoveries  wei-e  made  in 
different  departments,  a  division  of  labor  became  necessary. 
We  now  find  different  classes  of  scientific  men,  each  working 
in  a  particular  spbere  ;  as  in  the  lower  zoological  divisions, 
a  single  oi^an  performs  all  the  varied  innctions  of  nutrition, 
while  in  the  higher  orders,  when  the  processes  of  life  are 
more  intricate  and  complicated,  the  system  is  divided  up 
into  elaborately-organized  parts,  each  of  wliicU  has  an  allotted 
office. 

From  the  time  of  Galen  may  be  said  to  date,  as  distinct 
from  astronomy,  chemistry  (or  rather  alchemy),  physics,  ifec, 
the  science  which  is  now  called  PnreioLOGr. 

Physiology,  from  its  etymology,  signifies  the  science  of 
Nature ;  but  in  the  sense  in  which  the  term  is  now  used,  it 
may  be  defined  to  hetheacienfeoflife.  More  elaborate  defi- 
nitions have  been  given,  but  they  only  qualify  and  cx|>Iain  the 
meaning  of  what  we  know  as  life. 

A  natural  division  of  physiology  is  into  animal  and 
vegetable;  and  again,  into  the  physiology  of  the  inferior 
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aniiDfils  33  compared  with  man,  or  comparative  physiology, 
and  the  Phisiologt  of  Man.  The  ktter,  which  is  the  sab- 
jeet  of  the  present  work,  is  peculiarly  interesting  to  tlie 
physician,  as  the  baaia  of  all  accurate  Iniowledge  of  the 
eeieuce  of  medicine. 

In  the  early  history  of  physiological  acience,  the  develop- 
inent  of  anatomy  neceaaarily  gave  us  much  information  con- 
cerning the  functions  of  the  body ;  and  we  now  have  to 
acknowledge  our  continual  indebtednees  to  anatomical  inves- 
tigations, particularly  those  made  with  the  aid  of  the  micro- 
scope, for  important  advancements  in  physiology.  In  treating 
of  the  subject,  it  is  impossible  to  neglect  what  is  most  appro- 
priately called  the  physiological  anatomy  of  parts,  a  knowl- 
edge of  which  alone  enables  us,  oftentimes,  to  comprehend 
their  functions.  For  example,  wo  can  scarcely  conceive  liow 
the  anatomy  of  the  circulatory  system  could  be  clearly  under- 
stood without  giving  us  a  knowledge  of  its  physiology. 

Chemistry,  also,  when  the  components  of  the  body  are 
studied  in  such  a  way  as  not  to  destroy  their  properties  as 
oignnio  compounds,  lias  a  most  important  bearing  on  the 
advancement  of  physiology.  As  a  striking  example  of  tliis, 
we  may  take  the  discovery  of  tiie  properties  of  tlio  gases  of 
tlio  air  and  their  relations  to  the  blood  by  Lavoisier,  which 
gave  US  the  first  definite  ideas  regarding  the  essential  phe- 
nomena of  res]>iration.  We  are  now  largely  indebted  to 
moAem  physidogical  c?iemistnj  for  a  knowledge  of  many  of 
the  essential  phenomena  of  life,  and  look  to  a  fuitlier  develop- 
ment of  this  science  for  an  elucidation  of  many  important, 
but  still  obscure,  questions  connected  with  nutrition. 

Certain  physiological  functions  are  in  exact  accordance 
with  established  phj'sical  laws;  which  are  competent,  for 
example,  to  explain  the  refraction  in  the  structui-es  of  the 
eye,  or  tlie  conduction  of  vibrations  in  the  ear.  Physical 
laws  are  involved  in  most  of  the  phenomena  of  life,  but  are 
generally  more  or  leas  modified  by  the  peculiar  properties  of 
organized  bodies. 
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Many  of  the  phenomena  of  life  are  made  clear  by  a 
comparison  of  the  physiology  of  man  with  that  of  the  infe- 
rior animals,  which  is  often  simpler  and  more  easily  investi- 
gated. 

As  physiology  is  the  natural  and  only  correct  basis  of 
pathology,  we  frequently  derive  important  information  as 
to  the  functions  of  parts  by  studying  the  effects  of  disease, 
by  which  their  functions  are  modified  or  abolished.  The 
experiments  thus  performed  by  Nature  on  the  human  system 
are  frequently  more  instructive  than  those  which  we  make 
on  the  inferior  animals. 

As  the  complement  to  anatomy,  human  and  comparative, 
organic  chemistry,  and  pathology,  we  have  as  the  most  pre- 
cious and  fruitful  means  of  physiological  investigation,  direct 
observation  of  the  phenomena  of  life  in  man  and  the  inferior 
animals,  and  experiments  on  animals  by  vivisections.  The 
present  condition  of  physiology  is  a  testimony  of  the  incal- 
culable value  of  this  method  of  study.  Were  it  consistent 
with  our  plan  to  follow  out  the  general  development  of  the 
science  from  an  historical  point  of  view,  we  should  find  the 
names  of  Harvey,  Aselli,  Haller,  Hales,  Spallanzani,  Ed- 
wards, Bichat,  Bell,  Majendie,  and  a  host  of  others,  bearing 
witness  by  their  works  to  the  value  of  vivisections  in  physio- 
logical investigations ;  to  say  nothing  of  the  great  observers 
of  the  present  day,  who  are  constantly  adding  to  our  knowl- 
edge. The  field  would  be  sterile  indeed  were  it  not  for 
experiments  on  living  animals ;  and  the  loss  to  the  science 
which  has  for  its  object  the  alleviation  of  the  sufferings  of 
mankind,  would  have  been  incalculable,  had  physiologists 
been  unwilling,  from  false  motives  of  humanity,  to  inflict 
pain  upon  the  lower  animals,  which  is  to  a  certain  extent 
unavoidable  in  experimentation. 

Physiological  literature,  in  the  great  Elementa  Physiolo- 
gi<B  of  Ilallcr,  which  belonged  to  a  past  generation,  and 
the  elaborate  systematic  works  of  B(5rard,*  Longet,  MiiUer, 

*  B6rard  did  not  live  to  complete  his  great  woik  on  physiology.     He  died 
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and  other  experimentalists  of  tlie  present  generation,  fur- 
nishes abundant  proof  that  the  faculty  of  observation  and  the 
power  of  generalization  are  not  necessarily  inconsistent  with 
each  other. 

It  would  be  futile  to  attempt  to  point  out  all  the  difficul- 
ties and  sonrces  of  error  in  experimentation  on  living  animals. 
These  must  be  overcome  by  the  physiologist  after  he  has 
become  practically  acquainted  with  them.  It  must  be  borne 
in  mind,  however,  that  we  are  interrogating  Nature ;  and 
our  sole  aim  must  be  to  put  our  questions  intelligently  and 
interpret  the  answers  correctly.  She  do^s  not  unfold  her 
mysteries  to  the  careless  and  inconsiderate  observer.  An 
accident  may  lead  the  reflecting  student  to  frame  a  particular 
set  of  experiments,  for  the  exi)lanation  of  an  unexpected 
phenomenon ;  but  we  should  go  to  work  with  an  idea  of  what 
we  wish  to  know,  always  ready  to  correct  or  abandon  our 
most  cherished  preconceived  notions  if  we  find  they  are  not 
in  accordance  with  facts.  Experiments  should  not  be  isolat- 
ed. A  golden  opportunity  is  thrown  away  if  we  stop  short 
of  the  end  in  a  legitimate  series  of  investigations ;  for  none 
are  better  fitted  to  go  through  the  later  steps  of  a  natural 
series  of  experiments  than  they  who  have  conceived  and 
executed  the  first. 

With  the  many  varying  conditions  of  the  system  which 
inevitably  occur  in  living  animals,  it  is  almost  unnecessary  to 
add  that  an  important  observation  should  be  repeatedly  con- 
firmed, and  the  answer  to  our  experimental  inquiries  obtained, 
if  possible,  in  different  ways.  It  must  be  remembered  that 
Nature  never  contradicts  herself,  and  has  no  exceptions. 
Her  laws  are  invariable ;  and  if  experiments  are  appai'ently 
contradictory,  we  must  look  for  difterences  in  the  conditions 

shortly  after  he  had  commenced  the  publication  of  the  fourth  volume  in  1855.  Tho 
prole^mena^  and  the  sections  on  digestion,  absorption,  the  blood,  respiration, 
and  circulation,  are  perhaps  the  most  candid,  exhaustive,  and  best  considered 
essays  on  these  subjects  in  any  language.  Science  suffered  a  great  loss  when 
the  author  was  thus  cot  off  in  the  midst  of  his  labors. 
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under  wliicli  the  observations  were  made.  It  would  be 
always  possible  to  reconcile  discordant  results  of  observations, 
were  we  able  to  entirely  appreciate  the  conditions  under 
which  they  were  made.  For  this  reason,  a  practical  physiolo- 
gist, if  entirely  unbiassed,  is  most  competent  to  judge  of,  and 
assimilate,  the  observations  of  others. 

Vit(d  Properties  of  Organized  St/ructurea. — ^In  com- 
mencing the  study  of  physiology,  we  should  have  some  idea 
of  the  physiological  chemistry  of  the  body,  comprehending 
fully,  in  the  first  place,  what  is  meant  by  life,  or  the  vital 
properties  of  the  tissues. 

The  tissues  which  are  endowed  Avith  vitality  are  in  a 
state  of  continual  metamorphosis,  more  or  less  active  accord- 
ing to  their  degree  of  organization.  They  are  constantly 
undergoing  transformation  into  what  are  known  as  effete 
matters  and  have  the  property  of  appropriating,  in  the  great 
majority  of  instances  from  the  blood,  material  for  their  re- 
generation. In  other  words,  under  proper  conditions,  living 
tissues  have  the  property  of  self-regeneration.  This  constant 
waste,  or  physiological  disintegration,  is  known  under  the 
name  of  destructive  assimUoUion^  and  its  products  are  called 
excretions.    The  power  of  self-regeneration  is  called  nutrition. 

This  property  affects  all  the  constituents  of  the  body 
without  exception.  We  shall  see  that  physiological  chemis- 
try divides  the  constituents  of  the  organism  into  organic  and 
inorganic  principles ;  the  latter  being  identical  with  princi- 
ples found  in  the  inorganic  world.  Inorganic  principles,  in 
the  living  body,  are  always  in  union  with  organic  principles ; 
they  are  regularly  thrown  off  with  the  products  of  their  de- 
structive assimilation,  and  are  supplied  to  the  parts,  as  a 
necessity  of  nutrition.  They  never  exist  in  their  crystalline 
form,  in  which  they  so  commonly  occur  in  the  inorganic 
kingdom.*     Everj'  part  cf  the  body  either  is,  or  has  been, 

*  There  is  a  single  exception  to  this  law  in  the  crystals  of  carbonate  of  lime 
which  are  found  in  the  internal  ear,  constituting  the  otoconia  or  otoliths. 
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endowed  with  life.  Some  are  desquamated  and  reproduced, 
like  tlie  nails,  hair,  or  epidermis ;  some  are  worn  away  and 
not  reproduced,  like  the  enamel  of  the  teeth ;  but  they  are 
all  subject  to  vital  laws  in  their  formation,  and  the  exceptions 
to  the  law  that  each  tissue  has  the  property  of  self-regenera- 
tion are  very  few. 

The  power  of  self-regeneration  of  organized  tissues  does 
not  exist  indefinitely.  After  a  time  the  tissues  fail  to  appro- 
priate enough  organic  matter  to  entirely  supply  the  waste ; 
they  gradually  degenerate,  and  finally  die,  as  a  necessary 
condition  of  their  existence.  The  activity  of  the  regenerat- 
ing powers  seems  to  depend  on  the  proportion  of  organic 
matter  which  the  tissues  contain.  In  childhood,  when,  as  a 
condition  of  growth,  the  nutrition  is  greater  than  the  waste, 
the  organic  matter  of  the  tissues  is  in  excess.  In  old  age 
calcareous  deposits  are  frequent,  and  the  inorganic  matter 
in  all  parts  is  in  excess,  until  finally  the  organs  become  inca- 
pable of  performing  their  functions. 

The  properties  above  mentioned  serve  to  distinguish 
organized  living  bodies  from  those  not  endowed  with  life. 
Man,  in  the  general  properties  of  his  tissues  and  organs, 
does  not  differ  from  the  higher  classes  of  the  inferior  animals, 
as  the  mammalia.  Their  tissues  are  as  highly  organized, 
and  the  various  functions  connected  witli  nutrition,  such  as 
secretion,  digestion,  circulation,  respiration,  etc.,  are  essen- 
tially the  same.  In  some  instances,  as  in  the  digestive  func- 
tion of  some  of  the  herbivora,  the  process  is  even  more 
elaborate  than  in  the  human  subject.  For  this  reason, 
with  proper  precautions,  we  can  apply  without  hesitation 
most  experiments  on  the  mammalia  to  the  physiology  of 
man. 

To  the  development  of  the  great  centre  of  the  nervous- 
system,  man  owes  his  preeminence  in  the  animal  scale.  In 
the  words  of  Longet:  "In  his  psychical  relations,  but  in 
these  only,  man  can  constitute  a  distinct  kingdom.  Physi- 
ology has  specially  in  view  the  acts  which  assimilate  man  to 
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animals ;  it  belongs  to  psychology  to  study  and  make  known 
the  faculties  which  separate  him  from  them."  * 

Even  without  accidents,  physiological  death  is  a  necessity 
of  existence ;  but  nature  has  provided,  as  one  of  the  most  im- 
portant attributes  of  organization,  a  means  by  which  organ- 
ized bodies  may  be  perpetuated  through  all  ages.  In  the  fully- 
developed  organism  are  produced  two  kinds  of  organic  ele- 
ments, the  male  and  the  female.  These,  when  brought  in 
contact  with  each  other  under  proper  conditions,  are  capable 
of  being  developed  into  a  new  being,  similar  in  organization 
to,  and  designed  to  take  the  place  oi^  the  one  which  is  to  pass 
away.  .  These  new  beings  are  generated  in  sufficient  number 
to  insure  the  perpetuation  of  the  species. 

The  excrementitious  products  of  the  body  during  life,  and 
the  body  itself  after  death,  changed  by  the  peculiar  process 
of  putrefaction,  are  returned  to  the  earth  and  to  the  air,  and 
contribute  to  the  nutrition  of  the  vegetable  kingdom.  The 
vegetables,  in  their  tura,  ai*e  consumed  in  the  nutrition  of 
animals.  All  the  elements  necessary  to  nutritiou,  except 
oxygen,  are  taken  into  the  alimentary  canal  as  food.  Our 
food  consists  either  of  vegetables,  or  the  flesh  of  animals  that 
are  nourished  by  vegetables. 


PKOXIMATE  PRINCIPLES. 

From  the  preceding  general  remarks,  it  is  evident  that 
physiology,  to  be  systematically  and  properly  studied,  must 
be  connected  with  physiological  anatomy  and  chemistry. 
The  physiological  anatomy  of  special  organs  and  systems 
naturally  precedes  the  consideration  of  their  functions ;  and  in 
treating  of  the  functions  of  other  parts,  more  especially  the 
nutritive  and  excrementitious  fluids  and  tlie  secretions,  we 
are  unavoidably  led  to  consider  fully  their  chemical  constitu- 
tion.    There  are,  however,  certain  constituents  of  the  body, 

*  LoNQCT,  Traits  de  Physioloffie^  Pari?,  1861,  tome  I,  p.  dltuI 
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a  full  consideration  of  which,  in  connection  with  special 
functions,  would  be  out  of  place,  as  well  as  many  points  in 
physiological  chemistry,  showing  the  relations  of  the  different 
elements  to  nutrition,  etc. ;  hence  is  desirable,  as  an  intro- 
duction to  physiology  proper,  a  brief  review  of  the  prox- 
imate principles  of  the  economy.  In  this  introduction  it  is 
not  proposed  to  treat  exhaustively  of  physiological  chemistiy. 
Such  principles  as  will  demand,  from  their  connection  with 
special  functions,  extended  consideration  in  another  place, 
are  omitted  or  simply  alluded  to,  as  well  as  some  which  have 
a  very  imimportant  or  obscure  function. 

If  we  were  to  study  the  constitution  of  the  body  from  a 
purely  chemical  point  of  view,  it  would  be  divided  into 
elementary  substances,  or  those  which  are  absolutely  incapa- 
ble of  further  subdivision.  In  this  way  we  should  lose  all 
distinction  between  organic  matters  and  those  which  enter 
indifferently  into  the  composition  of  all  bodies  in  Nature, 
whether  inert  or  endowed  with  vital  properties.  After 
having  thus  ascertained  the  ultimate  constitution  of  the 
organism,  we  have  learned  all  that  is  i)ossible  by  this  method ; 
for  we  are  already  familiar  with  the  properties  and  be- 
havior of  elementary  matter,  as  obtained  from  the  inorganic 
kingdom. 

In  physiological  chemistry  this  method  is  inadmissible. 
The  substances  which  are  presented  for  our  study  in  the 
living  oi^anism  are  endowed  with  vital  properties.  Their 
ultimate  composition  is  of  little  consequence  compared  with 
a  knowledge  of  tlie  laws  which  regulate  their  behavior,  not 
as  elements,  but  as  constituents  of  an  elaborate  vital  organi- 
zation. 

We  can  separate  fit)m  the  organism  of  animals  substances 
of  a  peculiar  nature  which  are  never  found  in  the  inorganic 
world.  These  demand  our  special  consideration.  If  we 
attempt  to  study  them  by  the  ordinary  chemical  processes  of 
analysis,  they  are  destroyed  and  lose  their  properties  as 
organic  principles. 
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Combined  with  these  organic  principles  we  always  havo 
a  certain  proi)ortion  of  inorganic  matters  which  may,  it  is 
true,  be  separated  from  them  easily,  and  apparently  without 
decomposition,  but  which  are,  notwithstanding,  necessary  to 
the  peculiar  properties  by  which  we  recognize  organic  sub- 
stances. Their  physiological  union  is  so  intimate  that  they 
may  justly  be  considered  as  organic,  though  originating  in 
the  inorganic  kingdom. 

Chemistry  recognizes  fifty-nine  elementary  substances,  of 
which  some  fifteen  or  eighteen  enter  into  the  constitution  of 
the  human  body;  but  as  physiologists,  we  must  make  a 
division  of  the  body  into  component  principles,  without 
reference  to  the  elementary  substances  themselves,  but  with 
a  view  to  the  form  and  condition  of  their  existence  in  the 
organism.  As  we  have  seen  that  the  distinguishing  properties 
of  organic  principles  are  destroyed  when  they  are  reduced  to 
their  ultimate  elements,  it  is  evident  that  many  or  most  of 
the  principles  into  which  the  body  is  divided  physiologically 
are  compound  substances. 

From  this  point  of  view,  the  organism  may  be  said  to  be 
composed  of  Immediate  or  ProximMe  Principles. 

A  Proximate  Principle  may  be  defined  to  be  a  svhatance 
extracted  from  the  hody^  which  cannot  he  furtJier  mbdivided 
without  chemical  decomposition  and  loss  of  its  characteristic 
properties,  • 

According  to  Eobin  and  Verdeil,  there  exist  from  eighty- 
five  to  ninety  distinct  proximate  principles  in  the  human 
body.* 

The  distinction  between  proximate  principles  and  chem- 
ical elements  is  apparent  from  the  definition  above  given. 
To  illustrate  this  difference,  however,  we  may  take  the  fol- 
lowing example.  Chloride  of  sodium  is  an  important  proxi- 
mate principle,  and  is  composed  of  the  chemical  elements 
chlorine  and  sodium.     As  chloride  of  sodium,  it  has  certain 

*  Robin  and  Yerdeil,   Chimie  Anaiomxque  et  P/iysioloffique^  Paris,   1858, 
tome  i.,  p.  128. 


properties,  and  is  eodywed  witli  certain  functions  in  tJie econ- 
omy, wliicl)  are,  of  course,  entirely  different  from  tbe  proper- 
ties  of  clilorine  or  podiura  ;  the  latter  especially  being  only 
obtained  in  a  state  of  chemical  purity  Ly  a  difficult  and  elab- 
orate process  of  manipolatiou.  As  pliysiologista  wo  have 
nothing  to  do  with  the  properties  of  chlorine,  or  tlie  rare 
metitl  EcHlium ;  wc  only  wish  to  know  as  much  as  poesiMe 
about  the  fimctiona  of  these  two  bodies  united  to  form  com- 
mon salt.  Again,  librin,  a  proximate  principle  found  in  the 
blood,  may  be  reduced  by  chemical  manipulations  to  a  cei^ 
tain  number  of  atoms  of  carbon,  hydrogen,  oxygen,  nitrogen, 
and  sulphur.  Bat  a  knowledge  of  even  the  exact  proportions 
of  these  ingredients  would  be  of  no  practical  benefit,  if  we 
were  unacquainted  with  the  general  proiierties  of  fibrin  and 
its  us@  in  the  economy.  Salt  cannot  be  subdivided  into 
chlorine  and  sodium,  nor  fibrin  into  its  elemcnta,  without 
chemical  decomposition,  and  loss  of  characteristic  proper^ 
tiet;  but  both  of  these  substances  eau  be  extracted  from  the 
body  in  the  condition  in  which  they  exist  in  the  orgauisin, 
and  are  therefore  proximate  principles. 

A  constituent  of  the  body  may  be  at  the  eame  time  a 
chemical  element  and  a  proximate  principle.  An  example 
of  this  is  the  free  oxygen  in  solution  in  the  blood.  This 
CDJoyB,  in  tbe  body,  the  properties  of  free  oxygen,  and  may 
be  extracted  from  the  blood  by  mere  diaplacement  with  an- 
other gas,  or  hj  the  air-pump ;  a  process  quite  different  fi'om 
the  elaborate  chemical  manipulation  which  would  be  neces- 
sary to  obtain  oxygen  by  decomposition  of  fibrin,  albumen, 
OP  any  coni]>ound  principle. 

Tlie  principles  wliieh  compose  the  body,  with  the  excep- 
tion of  excrementitious  substances,  exist  in  oht  food ;  this 
being  the  only  way  in  which  material  is  supplied  for  the  con- 
tiiiual  repair  which  is  ehnructeristic  of  li>ing  tissuee.  They 
uv  alt  introduced  Irom  without.  Certain  principles,  such  ba 
water  and  the  inorganic  salts,  are  merely  transitory  iji  the  in- 
terior of  the  body,  and  are  discharged  in  the  same  form  Ju 
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which  they  enter.  Others  are  consumed  in  the  process  of 
repair,  and  after  having  performed  their  functions,  are  thrown 
off  as  effete  matters.  Examples  of  the  latter  are  fibrin 
and  albumen,  which  are  transformed  first  into  the  sub- 
stance of  the  tissues,  and  then  into  urea,  creatine,  choleste- 
rine,  and  other  excrementitious  matters,  which  are  the  re- 
sult of  the  breaking  down  or  wearing  out  of  the  tissues. 
Finally,  there  are  certain  principles,  the  sugars  and  fats  for 
example,  which  have  an  important  connection  with  the  pro- 
cess of  nutrition,  and  disappear  in  the  system,  but  whose 
transformations  wo  have  not  as  yet  been  able  to  follow. 
These,  besides  being  taken  in  as  food,  are  manufactured  by 
ceiiain  organs,  and  appear  de  novo  in  the  economy. 

Division  of  Proximate  Principles. — In  the  division  ol 
proximate  principles,  we  shall  follow,  with  slight  modifica- 
tions, the  classification  of  Eobin  and  Verdeil.  With  refer- 
ence solely  to  anatomical  and  physiological  chemistry,  the 
classification  of  these  authors  cannot  be  improved;  but  in 
treating  of  the  whole  subject  of  physiology,  it  will  be  conven- 
ient to  take  up  certain  of  the  elements  in  connection  with  the 
functions  in  which  they  play  an  important  part.  Oxygen 
and  carbonic  acid,  for  example,  will  be  fully  considered  in 
connection  with  respiration  ;  urea  and  cholesterine  with  ex- 
cretion, &c.  Again,  there  are  some  whose  function  is  appa- 
rently of  so  little  importance,  or  so  obscure,  that,  while  they 
may  be  interesting  in  a  chemical  point  of  view,  merely  as 
constituents  of  the  body,  it  is  not  worth  while  to  treat  of 
them  iu  connection  -^vith  physiology. 

The  two  great  divisions  of  proximate  principles  which  we 
propose,  comprise : 

FiEST.  Siibstances  which  enter  into  the  normal  con- 
stitution of  the  organized  tissues,  and  those  constitu,ents  of 
the  fluids  which  are  used  in  nutrition. 
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Second.  Substances  which  are  the  result  of  the  icearing 
out  of  the  tisstieSj  and  are  not  vsed  in  nutrition,^ 

The  first  division,  which  is  the  only  one  that  will  be  taken 
up  in  this  connection,  may  be  subdivided,  according  to  the 
classification  of  Eobin  and  Verdeil,  into  three  classes. 

1.  Inorganic  Substances, — This  class  is  of  inorganic  ori- 
gin, definite  chemical  composition,  and  crystallizable.  The 
substances  forming  it  are  all  introduced  from  without,  and  are 
all  dischai^^  from  the  body  in  the  same  form  in  which  they 
entered.  They  never  exist  alone,  but  are  always  combined 
with  tlie  organic  principles,  to  form  the  organized  fluids  or 
solids.  This  union  is  "  atom-to-atom,"  and  so  intimate  that 
they  are  taken  up  with  the  organic  elements,  as  the  latter  are 
worn  out  and  become  eflete,  and  are  discharged  from  the 
body,  though  themselves  unchanged.  To  supply  the  place 
of  the  principles  thus  thrown  oflT,  a  fi^h  quantity  is  depos- 
ited in  the  process  of  nutrition.  They  give  to  the  various 
oigans  important  properties ;  and,  though  identical  with  sub- 
stances in  the  inorganic  world,  in  the  interior  of  the  body 
they  behave  as  organic  substances.  They  require  no  special 
preparation  for  absorption,  but  are  soluble  and  taken  in  un- 
changed. They  are  received  into  the  body  in  about  the  same 
proportion  at  all  periods  of  life,  but  their  discharge  is  nota- 
bly diminished  in  old  age ;  giving  rise  to  calcareous  incrusta- 
tions and  deposits,  and  a  considerable  increase  in  the  calca- 
reous matter  entering  into  the  composition  of  the  tissues. 
As  examples  of  this  class  we  may  cite  water,  chloride  of  so- 
dium, the  carbonates,  sulphates,  phosphates,  and  other  inor- 
ganic salts. 

2.  Orgamc  Non-Nitrogenized  Suhstanccs. — This  class  of 

'  Tliis  divifiion  is  composed  of  cxcrementitious  matters,  which  will  be  full> 
conndered  when  treating  of  excretion.  It  is  included  in  the  second  class  of  prox- 
imate principles  by  Robin  and  VerddL 
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proximate  principles  is  of  organic  origin,  delinite  chemical 
composition,  and  crystallizable.  With  the  exception  of  the 
salts  peculiar  to  the  bile,  which  will  be  considered  when  we 
come  to  treat  of  that  fluid,  pneumic  acid,  and  one  or  two 
unimportant  principles,  they  are  distinguished  by  being  com- 
posed of  three  elements,  Carbon,  Hydrogen,  and  Oxygen. 
As  they  thus  contain  hydrogen  and  carbon,  to  the  exclusion 
of  all  other  elements,  except  the  almost  universal  principle, 
oxygen,  they  are  frequently  spoken  of  as  Hydro-carbons. 
They  are  distinguished  from  other  organic  substances  by  the 
absence  of  nitrogen,  which  has  given  them  the  name  oi  Norv- 
nitrogenized  or  I^orv-azotised  substances.  They  are  intro- 
duced into  the  body  as  food,  and  are  manufactured  in  the 
economy  by  special  organs ;  but,  unlike  principles  of  the  first 
class,  with  the  exception  of  sugar  and  fat,  which  are  dis- 
charged in  the  milk  during  lactation,  are  never  discharged 
from  the  body  in  health.  The  principles  of  this  class  play 
an  important  part  in  development  and  nutrition.  One  of 
them,  sugar,  appears  very  early  in  fcetal  life,  formed  first  by 
the  placenta,  and  afterwards  by  the  liver ;  its  formation  by 
the  latter  organ  continuing  during  life.  Fat  is  a  necessary 
element  of  food,  and  is  also  formed  in  the  interior  of  the 
bodv.  The  exact  influence  which  these  substances  have  on 
development  and  nutrition  is  not  known,  but  experiments 
and  observation  have  sho^\^l  that  this  influence  is  important. 
Many  physiologists  are  of  the  opinion  that  principles  of  this 
class  undergo  direct  oxidation  or  combustion  in  the  lungs,  and 
have  the  exclusive  office  of  keeping  up  the  animal  tempera- 
ture. At  one  time,  indeed,  they  were  generally  spoken  of  as 
calorific  elements ;  but  in  the  present  condition  of  science  this 
exclusive  view  is  not  tenable ;  and  we  shall  see,  when  treating 
of  the  subject  of  animal  heat,  that  its  production  cannot  be 
referred  entirely  to  combustion  of  the  hydro-carbons.  The 
sugars  and  fats,  lactic  acid  and  the  lactates,  pneumic  acid  and 
the  pneumates,  the  fatty  acids  and  their  combinations,  consti- 
tute the  most  important  principles  of  this  class. 
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3. 


Organic  Nitrogenized  Substances. — This  class  of  prox- 
imate principles  is  of  organic  origin,  indefinite  chemical  com- 
position, and  non-cry st all  izable.  Substances  forming  tliia 
class  are  apparently  the  only  principles  which  are  endowed 
with  vital  properties,  taking  materials  for  their  regeneration 
from  the  nutritive  fluids,  and  appropriating  them  to  form 
part  of  their  own  substance.  Considered  from  this  point 
of  view,  they  are  diflferent  from  any  thing  which  is  met  with 
out  of  the  living  body.  They  are  all,  in  the  body,  in  a  state 
of  continual  change,  wearing  out  and  becoming  eflfete,  when 
they  are  transformed  into  excrementitious  substances,  which 
constitute  the  second  grand  division  of  proximate  principles. 
The  process  of  repair  in  this  instance  is  not  the  same  as  in 
inorganic  substances,  which  enter  and  are  discharged  from 
the  body  without  undergoing  any  change.  The  analogous 
substances  which  exist  in  food,  undergo  a  very  elaborate  prep- 
aration, by  digestion,  before  they  can  even  be  absorbed  by 
the  blood-vessels;  and  still  another  change  takes  place 
when  they  are  appropriated  by  the  various  tissues.  They 
exist  in  all  the  solids,  semi-solids,  and  fluids  of  the  body, 
never  alone,  but  always  combined  with  inorganic  substances. 
As  a  peculiarity  of  chemical  constitution,  they  all  contain 
nitrogen,  which  has  given  them  the  name  oi  Nitrogenized  or 
Azotized  principles.  As  before  intimated,  they  give  to  the 
tissues  and  fluids  their  vital  properties.  In  studying  their 
properties  more  fiilly,  we  shall  see  that  they  are  by  far  the 
most  important  elements  in  the  organism.  The  elaborate 
preparation  which  they  require  for  absorption  involves  the 
most  important  part  of  the  function  of  digestion.  Their  al>- 
solute  integrity  is  necessary  to  the  operation  of  the  essential 
functions  of  many  tissues,  as  muscular  contraction,  or  con- 
duction of  nervous  force.  An  exact  knowledge  of  all  the 
transformations  which  take  place  in  their  regeneration  and  the 
process  by  which  they  are  converted  into  efiete  or  excremen- 
titious matters,  would  enable  us  to  comprehend  nutrition, 
which  is  the  essence  of  physiology ;  but  as  yet  we  know  little 
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proximate  principles  is  of  organic  origin,  deiinite  chemical 
composition,  and  crystallizable.  With  the  exception  of  the 
salts  peculiar  to  the  bile,  which  will  be  considered  when  we 
come  to  treat  of  that  fluid,  pneumic  acid,  and  one  or  two 
unimportant  principles,  they  are  distinguished  by  being  com- 
posed of  three  elements.  Carbon,  Hydrogen,  and  Oxygen. 
As  they  thus  contain  hydrogen  and  carbon,  to  the  exclusion 
of  all  other  elements,  except  the  almost  universal  principle, 
oxygen,  they  are  frequently  spoken  of  as  Hydro-carbons, 
They  are  distinguished  from  other  organic  substances  by  the 
absence  of  nitrogen,  which  has  given  them  the  name  of  N'oro- 
nitrogenized  or  Non-azotized  substances.  They  are  intro- 
duced into  the  body  as  food,  and  are  manufactured  in  the 
economy  by  special  organs ;  but,  unlike  principles  of  the  first 
class,  with  the  exception  of  sugar  and  fat,  which  are  dis- 
charged in  the  milk  during  lactation,  are  never  discharged 
from  the  body  in  health.  Tlie  principles  of  this  class  play 
an  important  part  in  development  and  nutrition.  One  of 
them,  sugar,  appears  very  early  in  foetal  life,  formed  first  by 
the  placenta,  and  afterwards  by  the  liver ;  its  formation  by 
the  latter  organ  continuing  during  life.  Fat  is  a  necessary 
element  of  food,  and  is  also  formed  in  the  interior  of  the 
body.  The  exact  influence  which  these  substances  have  on 
development  and  nutrition  is  not  known,  but  experiments 
and  observation  have  shown  that  this  influence  is  important. 
Many  physiologists  are  of  the  opinion  that  principles  of  this 
class  undergo  direct  oxidation  or  combustion  in  the  lungs,  and 
have  the  exclusive  office  of  keeping  up  the  animal  tempersr 
ture.  At  one  time,  indeed,  they  were  generally  spoken  of  as 
calorific  elements ;  but  in  the  present  condition  of  science  tliis 
exclusive  view  is  not  tenable ;  and  we  shall  see,  when  treating 
of  the  subject  of  animal  heat,  that  its  production  cannot  be 
referred  entirely  to  combustion  of  the  hydro-carbons.  The 
sugars  and  fats,  lactic  acid  and  the  lactates,  pneumic  acid  and 
the  pneumates,  the  fatty  acids  and  their  combinations,  consti- 
tute the  most  important  principles  of  this  class. 
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3.  Orga/niG  Nitrogenized  Suistan/!es, — This  class  of  prox* 
iinate  principleB  is  of  organic  origin,  indefinite  chemical  coin- 
position,  and  non-crystallizable.  Substances  forming  this 
class  are  apparently  the  only  principles  which  are  endowed 
with  vital  properties,  taking  materials  for  their  regeneration 
from  the  nutritive  fluids,  and  appropriating  them  to  form 
part  of  their  own  substance.  Considered  from  this  point 
of  view,  they  are  diflferent  from  any  thing  which  is  met  with 
out  of  the  living  body.  They  are  all,  in  the  body,  in  a  state 
of  continual  change,  wearing  out  and  becoming  eflfete,  when 
they  are  transformed  into  excrementitions  substances,  which 
constitute  the  second  grand  division  of  proximate  principles. 
The  process  of  repair  in  this  instance  is  not  the  same  as  in 
inorganic  substances,  which  enter  and  are  discharged  from 
the  body  without  undergoing  any  change.  The  analogous 
substances  which  exist  in  food,  undergo  a  very  elaborate  prep- 
aration, by  digestion,  before  they  can  even  be  absorbed  by 
the  blood-vessels;  and  still  another  change  takes  place 
when  they  are  appropriated  by  the  various  tissues.  They 
exist  in  all  the  solids,  semi-solids,  and  fluids  of  the  body, 
never  alone,  but  always  combined  with  inorganic  substances. 
As  a  peculiarity  of  chemical  constitution,  they  all  contain 
nitrogen,  which  has  given  them  the  name  oi  Nitrogenized  or 
Azoiized  principles.  As  before  intimated,  they  give  to  the 
tissues  and  fluids  their  vital  properties.  In  studying  their 
properties  more  fiiHy,  we  shall  see  that  they  are  by  far  the 
most  important  elements  in  the  organism.  The  elaborate 
preparation  which  they  require  for  absorption  involves  the 
most  important  part  of  the  function  of  digestion.  Their  al>- 
solute  integrity  is  necessary  to  the  operation  of  the  essential 
functions  of  many  tissues,  as  muscular  contraction,  or  con- 
duction of  nervous  force.  An  exact  knowledge  of  all  the 
transformations  which  take  place  in  their  regeneration  and  the 
process  by  which  they  are  converted  into  effete  or  excremen- 
titions matters,  would  enable  us  to  comprehend  nutrition, 
which  is  the  essence  of  physiology ;  but  as  yet  we  know  little 
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of  these  changes,  and  consider  ourselves  fortunate  in  under- 
standing a  few  of  the  laws  which  regulate  them.  As  exam- 
ples of  principles  of  this  class  we  may  cite  musculine,  os- 
teine,  fibrin,  albumen,  and  caseine. 

INOBGAOTO  PRINCIPLES. 

The  number  of  principles  of  this  class,  now  well  estab- 
lished as  existing  in  the  human  body,  is  twenty-one.*  All 
substances  which  at  any  time  exist  in  the  body  are  proximate 
principles ;  but  some  are  found  in  small  quantities,  are  not 
always  present,  and  apparently  have  no  very  important  func- 
tion. These  will  be  passed  over  rapidly,  as  well  as  those 
which  are  so  intimately  connected  with  some  important  func- 
tion as  to  render  their  full  consideration  in  connection  "with 
that  function  indispensable.  The  following  is  a  list  of  the 
inorganic  principles,  excluding  those  which  are  excrementi- 
tious,  and  one  or  two  wliich  are  not  yet  well  established : 

Tcible  of  Inorganic  Principles. 


O 


Proximate  Principle,  Where  Found, 

^Oxygen.  Lungs  and  Blood. 

Hydrogen.  Gases  of  Stomach  and  Colon. 

Nitrogen.  Lungs,  Intestinal  Gases,  and  Blood. 

Cdrburetted  Hydrogen.  Lungs  (expired  air),  Intestines. 

Sulphuretted  Hydrogen.  Lungs  (expired  air).  Intestines. 

Water.  Universal 

Chloride  of  Sodium.  Universal,  except  the  enamel. 

Chloride  of  Potassium.  Muscles,  Liver,  Milk,  Chyle,  Blood,  Mu- 

cus, SaUva,  Bile,  Gastric  Juice,  Ce- 
phalo-rachidian  Iluid,  and  Urine. 


*  Robin  and  Vcrdcil  give  twenty-nine ;  but  of  these,  three  (acid  phosphate  of 
soda,  acid  phosphate  of  lime,  and  ammonio-magneslan  phosphate)  arc  found  only 
m  the  urine,  and  may  be  considered  as  coming  under  the  head  of  excrements, 
with  carbonic  acid,  which  is  one  of  the  most  important  excretions ;  one  (bioar- 
bonate  of  lime)  is  abnormal ;  one  (bicarbonate  of  potassa)  is  found  only  in  cer- 
tain of  the  inferior  animals ;  and  two  (carbonate  and  bicarbonate  of  anmionia) 
ue  doubtful. 


IKOBGANIO  FBINCIPLES. — OASES. 


29 


Prooeimate  Principle, 

Phosphate  of  Lime  (basic). 
Carbonate  of  Lune. 


Carbonate  of  Soda. 

Carbonate  of  Potaasa. 
Phosphate  of  Magnesia. 
Phosphate  of  Soda  (neutral). 
Phosphate  of  Potassa. 
Sulphate  of  Soda. 

Sulphate  of  Potassa. 
Sulphate  of  Lime. 
Hjdrochlorate  of  Ammonia. 
Carbonate  of  Magnesia. 

Bicarbonate  of  Soda. 


Whtre  Found* 

UniTcrsal. 

Bones,  Teeth,  Cartilage,  Internal  Ear, 
Blood,  Sebaceous  Matter,  and  some- 
times Urine. 

Blood,  Bone,  Saliya,  Lymph,  Cephalic 
rachidian  Fluid,  and  Urine. 

Blood,  Bone,  Lymph,  and  Urine. 

UniversaL 

UnivereaL 

UniversaL 

UniTcrsal,  except  Milk,  Bile,  and  Gastric 
Juice. 

Same  as  Sulphate  of  Soda. 

Blood  and  Feces. 

Gastric  Juice,  Saliva,  Tears,  and  Urine. 

A  trace  in  the  Blood  and  Sebaceooa 
matter. 

Blood  (Liebig). 


27ie  Gases, 

The  gases  (oxygen,  liydrogen,  nitrogen,  carburetted  hy- 
drogen, Biilpliuretted  hydrogen)  *  exist  both  in  a  gaseous  state, 
and  in  solution  in  some  of  the  fluids  of  the  body.  Oxygen 
plays  a  most  important  part  in  the  function  of  respiration  ; 
but  the  office  of  the  others  is  by  no  means  so  essential.  Ni- 
trogen seems  to  be  formed  by  the  system  in  small  quantity,  is 
taken  up  by  the  blood  and  exhaled  by  the  lungs ;  except  dur- 
ing inanition,  when  the  blood  absorbs  a  little  from  the  in- 
spired air.  It  exists  in  greatest  quantity  in  the  intestinal 
canal.  The  carburetted  and  sulphuretted  hydrogen,  with 
pure  hydrogen,  are  found  in  minute  quantities  in  the  expired 
air,  and  are  also  found  in  a  gaseous  stato'in  the  alimentary 
canal.  From  the  offensive  nature  of  the  contents  of  the 
large  intestine,  we  would  susi)ect  the  presence  of  sulphuretted 
hydrogen  in  considerable  quantity ;  but  actual  analysis  has 
Bliown  that  the  gas  contained  in  the  stomach  and  intestines, 


'  Carbonic  acid  is  here  omitted,  and  will  be  treated  of  under  t!ic  head  of  ros- 
piratioD. 
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of  these  changes,  and  consider  ourselves  fortunate  in  under- 
standing a  few  of  the  laws  which  regulate  them.  As  exam- 
ples of  principles  of  this  class  we  may  cite  musculine,  os- 
teine,  fibrin,  albumen,  and  caseine. 

mOBGAXIC  PRINCIPLES. 

The  number  of  principles  of  this  class,  now  well  estab- 
lished as  existing  in  the  human  body,  is  twenty-one.*  All 
substances  which  at  any  time  exist  in  the  body  are  proximate 
principles ;  but  some  are  found  in  small  quantities,  are  not 
always  present,  and  apparently  have  no  very  important  fdne- 
tion.  These  will  be  passed  over  rapidly,  as  well  as  those 
which  are  so  intimately  connected  with  some  important  func- 
tion as  to  render  their  fiill  consideration  in  connection  with 
that  function  indispensable.  The  following  is  a  list  of  the 
inorganic  principles,  excluding  those  which  are  excrementi- 
tious,  and  one  or  two  which  are  not  yet  well  established : 

TdhU  of  Inorganic  Principles, 


PrcximaU  Principle,  Whtrt  Found, 

'Oxygen.  Lungs  and  Blood, 


Hydrogen.  Gases  of  Stomach  and  Colon. 

Nitrogen.  Lungs,  Intestinal  Gases,  and  Blood. 

Carborettcd  Hydrogen.  Lungs  (expired  air).  Intestines. 

^  Sulphuretted  Hydrogen.  Lungs  (expired  air),  Intestines. 

Water.  Universal. 

Chloride  of  Sodium.  Universal,  except  the  enamel. 

Chloride  of  Potassium.  Muscles,  Liver,  Milk,  Cliylc,  Blood,  Mu- 

cus, Saliva,   Bile,   Gastric  Juice,  Ce- 
phalo-rachidian  Fluid,  and  Urine. 


*  Robin  and  Vcrdeil  give  twenty-nine ;  but  of  these,  three  (acid  phosphate  of 
soda,  acid  phosphate  of  lime,  and  ammonio-magnesian  phosphate)  arc  found  only 
m  the  urine,  and  may  be  considered  as  coming  under  the  head  of  excrements, 
with  carbonic  acid,  which  is  one  of  the  most  important  excretions ;  one  (bicar- 
bonate of  lime)  is  abnormal ;  one  (bicarbonate  of  potassa)  is  found  only  in  cer- 
tain of  the  inferior  animals ;  and  two  (carbonate  and  bicarbonate  of  ammonia) 
ue  doubtful. 
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FrooeimaU  PHneipli,  Wh&r4  Founds, 

PLospbate  of  Lime  (basic).  UmTenal. 

Carbonate  of  Lime.  Bones,  Teeth,  Cartilage,   Internal  Ear, 

Blood,  Sebaceous  Matter,  and  some- 
times Urine. 

Carbonate  of  Soda.  Blood,  Bone,  Saliya,  Lymph,  Cephalic 

rachidian  Fluid,  aud  Urine. 

Carbonate  of  Potassa.  Blood,  Bone,  Ljmph,  and  Urine. 

Phosphate  of  Magnesia.  Universal. 

Phosphate  of  Soda  (neutral).  UnirerpaL 

Phosphate  of  Potassa.  UniversaL 

Sulphate  of  Soda.  Universal,  except  Milk,  Bile,  and  Gastric 

Juice. 

Sulphate  of  Potassa.  Same  as  Sulphate  of  Soda. 

Sulphate  of  Lime.  Blood  and  Feces. 

Hydrochlorate  of  Ammonia.  Gastric  Juice,  Saliva,  Tears,  and  Urine. 

Carbonate  of  Magnesia.  A  trace  in  the  Blood   and   Sebaceous 

matter. 

Bicarbonate  of  Soda.  Blood  (Liebig). 

The  Gases. 

The  gases  (oxygen,  liydrogen,  nitrogen,  carburetted  hy- 
drogen, sulphuretted  hydrogen)  *  exist  both  in  a  gaseous  state, 
and  in  solution  in  some  of  the  fluids  of  the  body.  Oxygen 
plays  a  most  important  part  in  the  function  of  respiration  ; 
but  the  office  of  the  others  is  by  no  means  so  essential.  Ni- 
trogen seems  to  be  formed  by  the  system  in  small  quantity,  is 
taken  up  by  the  blood  and  exhaled  by  the  lungs ;  except  dur- 
ing inanition,  when  the  blood  absorbs  a  little  from  the  in- 
spired air.  It  exists  in  greatest  quantity  in  the  intestinal 
canal.  The  carburetted  and  sulphuretted  hydrogen,  with 
pure  hydrogen,  are  found  in  minute  quantities  in  the  expired 
air,  and  are  also  found  in  a  gaseous  state'in  the  alimentary 
canal.  From  the  offensive  nature  of  the  contents  of  the 
large  intestine,  we  would  suspect  the  presence  of  sulphuretted 
hydrogen  in  considerable  quantity ;  but  actual  analysis  has 
6ho^vn  that  the  gas  contained  in  the  stomach  and  intestines, 

'  Carbonic  acid  is  here  omitted,  and  will  be  treated  of  under  the  head  of  res- 
piration. 
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proximate  principles  is  of  organic  origin,  delinite  chemical 
composition,  and  crystallizable.  With  the  exception  of  the 
salts  peculiar  to  the  bile,  which  will  be  considered  when  we 
come  to  treat  of  that  fluid,  pneumic  acid,  and  one  or  two 
unimportant  principles,  they  are  distinguished  by  being  com- 
posed of  three  elements.  Carbon,  Hydrogen,  and  Oxygen. 
As  they  thus  contain  hydrogen  and  carbon,  to  the  exclusion 
of  all  other  elements,  except  the  almost  universal  principle, 
oxygen,  they  are  frequently  spoken  of  as  Hydro-carbons, 
They  are  distinguished  from  other  organic  substances  by  the 
absence  of  nitrogen,  which  has  given  them  the  name  of  iVTw- 
nitrogenized  or  Non-dzoUzed  substances.  They  are  intro- 
duced into  the  body  as  food,  and  are  manufactured  in  the 
economy  by  special  organs ;  but,  unlike  principles  of  the  first 
class,  with  the  exception  of  sugar  and  fat,  which  are  dis- 
charged in  the  milk  during  lactation,  are  never  discharged 
from  the  body  in  health.  The  principles  of  this  class  play 
an  important  part  in  development  and  nutrition.  One  of 
them,  sugar,  appears  very  early  in  foetal  life,  formed  fii*st  by 
the  placenta,  and  afterwards  by  the  liver ;  its  formation  by 
the  latter  organ  continuing  during  life.  Fat  is  a  necessary 
element  of  food,  and  is  also  formed  in  the  interior  of  the 
body.  The  exact  influence  which  these  substances  have  on 
development  and  nutrition  is  not  known,  but  experiments 
and  observation  have  shown  that  this  influence  is  important. 
Many  physiologists  are  of  the  opinion  that  principles  of  this 
class  undergo  direct  oxidation  or  combustion  in  the  lungs,  and 
have  the  exclusive  office  of  keeping  up  the  animal  tempera- 
ture. At  one  time,  indeed,  they  were  generally  spoken  of  as 
calorific  elements ;  but  in  the  present  condition  of  science  tliis 
exclusive  view  is  not  tenable ;  and  we  shall  see,  when  treating 
of  the  subject  of  animal  heat,  that  its  production  cannot  be 
referred  entirely  to  combustion  of  the  hydro-carbons.  The 
sugars  and  fats,  lactic  acid  and  the  lactates,  pneumic  acid  and 
the  pneumates,  the  fatty  acids  and  their  combinations,  consti- 
tute the  most  important  principles  of  this  class. 
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,  Organic  NUroQenised  Siihstances. — This  class  of  prox- 
B  principles  is  of  organic  origin,  indeiiQite  chemical  com- 
position, and  non-cnstalltzaLle.  Substances  fonning  tliia 
class  are  apparently  tlie  only  princi|'les  which  are  enJowod 
with  vital  propertiee,  taking  inateriaU  for  their  regeneration 
from  the  nutritive  flHlde,  and  appropriating  them  to  form 
part  of  their  own  Bubstanee.  Considered  from  this  point 
of  view,  they  are  different  from  any  thing  which  is  met  with 
oat  of  the  living  body.  Tliey  ai-e  all,  in  the  body,  in  a  atata 
of  continaal  change,  wearing  ont  and  becoming  effete,  when 
they  are  transformed  into  excrement! tious  eubstances,  wliich 
constitute  tlie  second  grand  division  of  proximate  princi]>le3. 
The  process  of  repair  iti  this  instance  is  not  the  same  as  in 
murgauic  snbetances,  which  enter  and  are  discharged  fi'om 
the  body  without  undergoing  any  change.  The  analogous 
fiobetances  which  exist  in  food,  undergo  a  very  elaborate  prep- 
antioQ,  by  digestion,  before  they  can  even  be  absorbed  by 
the  blood-vessels ;  and  still  another  change  takes  pWe 
when  they  are  appropriated  by  the  various  tlssucfl.  They 
exist  in  all  the  solids,  semi-solids,  and  fluids  of  the  body, 
never  alone,  but  alwaj-s  combined  with  inorganic  substances. 
Ab  a  i>eculiarity  of  chemical  constitution,  they  all  contain 
nitjx^n,  which  has  given  them  the  name  of  Nilrogcnized  or 
Asotisfd  principles.  As  before  intimated,  they  give  to  the 
tts&nes  and  fluids  their  vital  properties.  In  studying  their 
properties  more  fully,  we  shall  see  that  they  are  by  far  the 
most  important  elements  in  the  organism,  The  elaborate 
pTcpiiration  which  they  require  for  absorption  involves  tlie 
most  important  part  of  the  function  of  digestion.  Their  al>- 
aolnte  integrity  is  necessary  to  the  operation  of  the  essential 
Auctions  of  many  tissues,  as  muscular  contraction,  or  cou- 
daction  of  nervous  force.  An  exact  knowledge  of  all  the 
tnunsforroations  which  take  place  in  their  regeneratioD  and  the 
process  by  which  tliey  are  converted  into  eftete  or  excremen- 
titiouB  matters,  would  enable  ua  to  comprehend  nutrition, 
which  is  the  essence  of  physiology  ;  but  as  yet  we  know  little 
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of  these  changes,  and  consider  ourselves  fortunate  in  under- 
standing a  few  of  the  laws  which  regulate  them.  As  exam- 
ples of  principles  of  this  class  we  may  cite  musculine,  os- 
teine,  fibrin,  albumen,  and  caseine. 


INOBGANIC  PBINCITLES. 

The  number  of  principles  of  this  class,  now  well  estab- 
lished as  existing  in  the  human  body,  is  twenty-one.*  All 
substances  which  at  any  time  exist  in  the  body  are  proximate 
principles ;  but  some  are  found  in  small  quantities,  are  not 
always  present,  and  apparently  have  no  very  important  func- 
tion. These  will  be  passed  over  rapidly,  as  well  as  those 
which  are  so  intimately  connected  with  some  important  func- 
tion as  to  render  their  full  consideration  in  connection  with 
that  fimction  indispensable.  The  following  is  a  list  of  the 
inorganic  principles,  excluding  those  which  are  excrementi- 
tious,  and  one  or  two  which  are  not  yet  well  established : 

TdhU  of  Inorganic  Principles. 


ProximaU  Principle, 

Where  Found, 

'Oxygen. 

Lungs  and  Blood. 

i 

3^ 

Hydrogen. 

Gases  of  Stomach  and  Colon. 

Nitrogen. 

Lungs,  Intestinal  GaseR,  and  Blood. 

^ 

Cdrburetted  Hydrogen. 

Lungs  (expired  air),  Intestines. 

Sulphuretted  Hydrogen. 

Lungs  (expired  air),  Intestines. 

Water. 

Universal 

Chloride  of  Sodium. 

Universal,  except  the  enameL 

Chloride  of  Potassium. 

Muscles,  Liver,  Milk,  Chyle,  Blood, 

Mu- 

cus.  Saliva,   Bile,   Gastric  Juice, 

Ce- 

phalo-rachidian  Fluid,  and  Urino. 

^  Robin  and  Verdeil  give  twenty-nine ;  but  of  these,  three  (acid  phosphate  of 
soda,  acid  phosphate  of  lime,  and  ammonio-magnesian  phosphate)  are  found  only 
m  the  urine,  and  may  be  considered  as  coming  under  the  head  of  excrements, 
with  carbonic  acid,  which  is  one  of  the  most  important  excretions ;  one  (bicai^ 
bonate  of  lime)  is  abnormal ;  one  (bicarbonate  of  potassa)  is  found  only  in  cer- 
tain of  the  inferior  animals ;  and  two  (carbonate  and  bicarbonate  of  anmionia) 
tre  doubtful. 
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J^roaeimaU  Principle, 

Fbosphate  of  Lime  (basic). 
Carbonate  of  Lime. 


Carboiiate  of  Soda. 

Carbonate  of  Potassa. 
Phosphate  of  Magnesia. 
Phosphate  of  Soda  (neutral). 
Phosphate  of  Potassa. 
Sulphate  of  Soda. 

Sulphate  of  Potassa. 
Sulphate  of  Lime. 
Hydrochlorate  of  Ammonia. 
Carbonate  of  Magnesia. 

Bicarbonate  of  Soda. 


Where  Found, 

Uniyersal. 

Bones,  Teeth,  Cartilage,  Internal  Ear, 
Blood,  Sebaceous  Matter,  and  some- 
times Urine. 

Blood,  Bone,  Saliva,  Lymph,  Cepholo- 
rachidian  Fluid,  and  Urine. 

Blood,  Bone,  Lymph,  and  Urine, 

Universal. 

Universal 

Universal 

Universal,  except  Milk,  Bile,  and  Gastric 
Juice. 

Same  as  Sulphate  of  Soda. 

Blood  and  Feces. 

Gastric  Juice,  Saliva,  Tears,  and  Urine. 

A  trace  in  the  Blood  and  Sebaceous 
matter. 

Blood  (Liebig). 


27ie  Gases, 

The  gases  (oxygen,  liydrogen,  nitrogen,  carbnretted  hy- 
drogen, sulphuretted  hydrogen)  *  exist  both  in  a  gaseous  state, 
and  in  solution  in  some  of  the  fluids  of  the  body.  Oxygen 
plays  a  most  important  part  in  the  function  of  respiration  ; 
but  the  oflSce  of  the  others  is  by  no  means  so  essential.  j!si- 
trogen  seems  to  be  formed  by  the  system  in  small  quantity,  is 
taken  up  by  the  blood  and  exhaled  by  the  lungs ;  except  dur- 
ing inanition,  when  the  blood  absorbs  a  little  from  the  in- 
spired air.  It  exists  in  greatest  quantity  in  the  intestinal 
canal.  The  carbnretted  and  sulphuretted  hydrogen,  with 
pure  hydrogen,  are  found  in  minute  quantities  in  the  expired 
air,  and  are  also  found  in  a  gaseous  state'in  the  alimentary 
canal.  From  the  offensive  nature  of  the  contents  of  the 
large  intestine,  wo  would  suspect  the  presence  of  sulphuretted 
hydrogen  in  considerable  quantity ;  but  actual  analysis  has 
Bhown  that  the  gas  contained  in  the  stomach  and  intestines, 


'  Carbonic  acid  is  here  emitted,  and  will  be  treated  of  under  the  head  of  res- 
piration. 


80  INTRODUCTION. 

large  as  well  as  small,  is  composed  chiefly  of  nitrogen,  with 
hydrogen  and  carburetted  hydrogen  in  about  equal  propor- 
tion, five  to  eleven  parts  per  hundred,  and  but  a  trace  of  sul- 
phuretted hydrogen.  With  the  exception  then  of  oxygen 
and  carbonic  acid,  the  latter  being  an  excretion,  the  gases  do 
not  hold  an  important  place  among  the  proximate  principles. 
At  all  events,  their  function,  whether  it  be  important  or  not, 
is  but  little  understood. 

Water,  HO. 

Water  is  by  far  the  most  important  of  the  inorganic  prin- 
ciples.* It  is  present  at  all  periods  of  life,  existing  even  in 
the  ovum.  It  exists  in  all  parts  of  the  body ;  in  the  fluids, 
some  of  which,  as  the  lachrymal  fluid  and  perspiration,  con- 
tain little  else,  and  in  the  hardest  structures,  as  the  bones,  or 
the  enamel  of  the  t^eth. 

In  the  solids  and  semi-solids  it  does  not  exist  as  water, 
but  enters  into  their  structure,  assuming  the  consistence 
by  which  they  are  characterized.  For  example,  we  have 
water  in  the  bones,  teeth,  and  even  in  the  enamel,  not  con- 
tained in  the  interstices  of  their  structure,  as  in  a  sponge, 
but  incorporated  into  the  substance  of  the  tissue.  In  these 
situations  it  is  essentially  water  of  comjxmtian.  During  the 
process  of  nutrition,  water  is  deposited  in  the  tissues  with  the 
other  nutritive  principles,  as  we  have  it  incorporated  in  the 
substance  of  certain  inorganic  compounds  in  the  process  of 
crystallization,  when  it  is  known  in  chemistry  as  waier  of 
crystaUization.  In  the  interior  of  the  body,  water  is  thus 
incorporated  in  the  substance  of  organic  matters,  which  are 

'  In  comparing  principles  which  arc  essential  to  nutrition  ana  to  life,  it  is  im- 
possible to  say  that  one  is  absolutely  more  important  than  another ;  still,  writers 
are  in  the  habit  of  staking  a  distinction  in  the  importance  of  necessary  constit- 
uents of  the  body,  chiefly  with  reference  to  their  quantity  and  the  extent  of  their 
distribution.  Wlien  we  come  to  organic  principles,  we  shall  sec  that  these  are 
manifestly  the  most  important  constituents  of  the  liring  body,  as  giving  to  the 
tissues  their  \ital  properties. 


)d^nite  chemical  comjpoaitum,  and  noifCrysiaUisaU^, 
Fe  have  no  reason  to  be  Eurprised,  as  plijsiologiete,  to 
fitd  it  entering  iato  i\mr  Qava^o6it\Qa  in  indefiniU propor- 
tiom,  assiiminff  the  form  and  consignee  of  the  organic  svb- 
riajice.  Oor  dcfinitiou  of  a  proxiiaate  principle  is:  "a  sub- 
stance extracted  fi-om  tlie  body,  wliich  cannot  be  ftirther 
subdivided  without  chomical  decomposition."  The  union 
of  waterwith  tbe  organic  principles  is  chemical ;  and  thougb 
feeble,  i^  not  more  eo  than  tbe  chemical  union  of  elcineuta 
in  some  compounds  found  iu  the  inorganic  world.  Tlie  bi- 
curbonat«3,  for  example,  are  formed  by  a  union  of  two  etjuiv- 
alente  of  carbonic  acid  with  one  of  the  base ;  but  the  second 
atom  of  carbonic  acid  is  in  ao  feeble  a  condition  of  union,  that 
it  a  set  free  when  tbe  compoimd  is  i>laced  under  the  receiver 
of  an  air-pump.  It  might  be  object,od  that  water  is  combined 
with  organic  substances  in  an  indefinite  quantity,  while  the 
carbonic  acid  is  present  in  definite  proportion ;  but  it  must  be 
remembered  that  indefinite  proportions  of  all  the  constituents 
are  characteristic  of  organic  substances ;  and  that  tbe  quantity 
of  water  existing,  within  certain  liraitu,  in  indefinite  propor- 
tions, only  obeys  the  law  which  regulates  the  components 
which  are  univereaily  recognized  as  existing  in  a  state  of 
chemical  union.  The  only  "difference  between  water  and  the 
other  constituents  of  an  organic  compound,  is  that  the  former 
is  extracted  with  facility ;  as  one  atom  of  carbonic  acid  is 
extracted  from  tJie  biearbonates  more  easily  than  the  other. 
Studying  the  organism  as  physiologists,  we  must  consider 
r  as  an  integral  constituent  of  tbe  tissues,  and  not  as 
f  absorbed  by  tliem. 

11  the  organized  structures  contain  a  certain  proportion  of 
ft,  and  this  is  necessary  to  t/ie  performanc^tf  all  or  any  of 
r  functions.  If  a  normal  muscle  be  considered  as  a  con- 
tracting organ,  and  a  nerve  as  a  conducting  organ,  or  albu- 
men as  a  nntritious  element,  we  must  consider,  as  one  of  tlieir 
(jonetitucnts,  water.  It  is  necessary  to  the  proper  form,  consbt- 
cn  »,  and  ftinction  of  these  and  all  organized  structures.  In 
uia!)'eis  of  organic  matters,  when  water  is  lost  or  driven  off 
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in  our  manipulations,  the  principle  is  not  brought  near  a  state 
of  chemical  purity,  but  is  essentially  and  radically  changed. 

The  quantity  of  water  which  each  organic  svhstance  con 
tains  is  important  /  and  it  is  provided  that  this  qtcantityj 
though  indefinite  J  shaJl  not  exceed  or  fall  below  certain  lim- 
its. The  truth  of  this  proposition  is  made  evident  from  the 
following  facts :  In  the.first  place,  all  organs  and  tissues  must 
contain  a  tolerably  definite  quantity  of  water  to  give  them 
proper  consistence.  The  evils  of  too  great  a  proportion  of 
water  in  the  system,  and  consequently  a  diminution  of  solid 
elements,  are  well  known  to  the  practical  physician.  Gen- 
eral muscular  debility,  loss  of  appetite,  dropsies,  and  various 
other  indications  of  imperfect  nutrition,  are  among  the  re- 
sults of  such  a  condition ;  while  a  deficiency  of  water  is  im- 
mediately made  known  by  the  sensation  of  thirst,  which 
leads  to  its  introduction  from  without. 

The  fact  that  water  never  exists  in  any  of  the  fluids,  semi- 
solids, or  solids,  without  being  combined  with  inorganic  salts, 
and  especially  chloride  of  sodium,  is  one  reason  why  its  pro- 
portion in  various  situations  is  to  a  certain  extent  constant 
The  presence  of  these  salts  influences,  in  the  semi-solids  at 
least,  the  quantity  of  water  entering  into  their  composition, 
and  consequently  regulates  their  consistence.  A  very  simple 
experiment  shows  this  with  reference  to  the  chloride  of 
sodium.  If  a  piece  of  muscle  be  placed  in  a  strong  solution 
of  common  salt,  as  in  salting  meat,  it  becomes  harder,  and 
loses  a  portion  of  its  water  of  composition ;  while  exposed 
to  the  action  of  pure  water,  it  absorbs  a  certain  quantity  and 
becomes  softer.  The  nutrient  fluid  of  the  muscles  during 
life  contains  water  with  just  enough  saline  matter  to  pre- 
serve their  normal  consistence.  This  action  of  saline  matters 
is  even  more  apparent  in  the  case  of  the  blood  corpuscles. 
If  pure  water  be  added  to  the  blood,  these  bodies  swell  up 
and  are  finally  dissolved ;  while  if  we  add  a  strong  solu- 
tion of  salt,  they  lose  water,  and  become  shrunken  and 
corrugated;  but  their  natural  form  and  consistence  can 
be  restored,  even  after  they  have  been  completely  dried,  by 
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adding  water  containing  about  the  proportion  of  salt  which 
exists  in  the  plasma. 

It  seems  clear,  then,  that  water  is  a  necessary  element  of 
all  tissues,  and  is  especially  important  to  the  proper  constitu- 
tion of  oi^anic  nitjpogenized  substances ;  that  it  enters  into 
the  constitution  of  these  substances,  not  as  pure  water,  but 
always  in  connection  with  certain  inorganic  salts ;  that  its 
proportion  is  confined  within  certain  limits ;  and  that  the 
quantity  in  which  it  exists,  in  organic  nitrogenized  substances 
particularly,  is  regulated  by  the  quantity  of  salts  which  en- 
ter, with  it,  into  the  constitution  of  these  substances. 

The  quantities  of  water  which  can  be  driven  off  by  a  mod- 
erate temperature  (212°  Fahr.)  from  the  different  fluids  and 
tissues  of  the  body,  vary  of  course  very  considerably,  ac- 
cording to  the  consistence  of  the  parts.  The  following  is  a 
list  of  the  quantities  in  the  most  important  fluids  and  solids : 


TcMe  of  Quatitity  of  Water. 
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1 
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I 


Parts  per  1,000. 
2 


4 


[ 


In  Enamel  of  the  Teeth 

^  Epitheliid  Desquamation. 3Y 

Teeth 100 

Bones. 1 30 

Tendons  (Burdach)..  .^ 600 

Articular  Cartilages 550 

Skin  (Weinholt) 575 

IdTcr  (Frommherz  and  Gugcrt) 618 

Muscles  of  Man  (Bibra). 725 

ligaments  (CheTreul). 768 

*'  Mean  of  Blood  of  Man  (Becquerel  and  Rodier) 780 

Milk  of  Human  Female  (Smon) 887 

Chyle  of  Man  (Recs) 904 

"  Bile. 905 

«  Urine. 933 

"  Human  Ljmph  (Tiedemann  and  Gmelin) 960 

"  Human  Saliva  (MitscherUch) 983 

"  Gastric  Juice. 984 

"  PerspiraUon 986 

"  Tears 990 

Pulmonary  Yapor 997 
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CC 
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This  table  is  made  of  selections  from  the  table  of  Robin  an^  Verdeil— taken 
fron:  Tarious  authors. 
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Function  of  Water, — After  what  has  been  stated  re- 
specting the  condition  in  which  water  exists  in  the  body, 
there  remains  but  little  to  say  concerning  its  function.  As 
a  constituent  of  organized  tissues,  it  gives  to  cartilage  its 
elasticity,  to  tendons  their  pliability  and  toughness ;  it  is 
necessary  to  the  peculiar  power  of  resistance  of  the  bones, 
and,  as  wo  have  already  seen,  it  is  necessary  to  the  proper 
consistence  of  all  parts  of  the  body.  It  has  other  important 
functions  as  a  solvent.  Soluble  articles  of  food  are  intro- 
duced in  solution  in  water.  The  excrementitious  matters, 
which  are  generally  soluble  in  water,  are  dissolved  by  it  in 
the  blood,  carried  to  the  organs  of  excretion,  and  discharged 
in  a  watery  solution  from  the  body. 

Origin  and  Discharge  of  Water. — It  is  evident  that  the 
great  proportion  of  water  is  introduced  from  without  in  the 
fluids,  and  in  the  watery  constituents  of  all  kinds  of  food ; 
but  the  theoretical  views  of  some  physiologists  with  regard 
to  the  hydrocarbons  and  their  combustion,  led  to  the  supposi- 
tion that  water  is  also  formed  in  the  body  by  a  direct  union 
of  oxygen  and  hydrogen.  The  true  way  of  determining  this 
point  is  to  estimate  all  the  water  introduced  into  the  organismj 
and  compare  this  quantity  with  that  which  is  discharged.  The 
latter  estimate,  however,  presents  very  great  difficulties.  As 
water  is  continually  given  off  in  the  form  of  vapor  from  the 
skin,  and  in  the  expired  air,  the  quantities  thus  discharged 
are  subject  to  great  variations,  dependent  upon  exercise,  tem- 
perature, the  state  of  the  atmosphere,  etc.,  and  even  if  con- 
stant could  be  estimated  with  great  difficulty.  Experiments 
on  this  point  have  been  undertaken  by  Sanctorius,  Barral, 
Boussingault,  and  others ;  but  they  are  not  sufficiently  com* 
plete  to  settle  the  question. 

In  the  present  state  of  our  knowledge,  we  can  only  say 
that  water  is  introduced  with  the  fluid  and  solid  elements  of 
food,  by  the  stomach,  and  that  it  escapes  by  the  urine,  feces, 
lungs,  and  skin.    There  is  no  direct  evidence  that  any  is  pro- 
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dnced  in  the  interior  of  the  body.  In  the  issue  of  water  by 
the  kidneys  and  skin,  it  has  long  been  observed  that,  in  point 
of  activity,  these  two  emnnctories  bear  a  certain  relation  to 
each  other.  When  the  skin  is  inactive,  as  in  cold  weather, 
the  kidneys  discharge  a  large  quantity  of  water ;  when  the 
skin  is  active,  the  quantity  of  water  discharged  by  the  kid- 
neys is  diminished.  Certain  therapeutical  agents,  also,  can 
be  made  to  act  as  diaphoretics  by  combining  other  measures 
which  favor  cutaneous  action ;  or  as  diuretics,  by  employing 
measures  to  diminish  the  action  of  the  skin. 

Chloride  of  Sodium  (Common  Salt),  NaCl. 

Chloride  of  sodium  is  next  in  importance,  as  an  inorganic 
proximate  principle,  to  water.  It  is  found  in  the  body  at  all 
periods  of  life,  existing,  like  water,  in  the  ovum.  It  exists  in  all 
the  fluids  and  solids  of  the  body,  with  the  single  exception  of 
the  enamel  of  the  teeth.  In  the  fluids,  it  seems  to  be  simply 
in  a  state  of  solution,  and  can  be  recognized  by  the  ordinary 
tests ;  in  this  respect  we  may  class  together  the  chlorides  of 
sodium  and  potassium. 

The  quantity  of  chloride  of  sodium  in  the  entire  body 
has  never  been  estimated ;  nor,  indeed,  has  any  accurate  esti- 
mate been  made  of  the  quantity  contained  in  the  various  tis- 
sues ;  for  all  the  chlorides  are  generally  estimated  together. 
It  exists  in  greatest  proportion  in  the  fluids,  giving  to  some 
of  them,  as  the  tears  and  perspiration,  a  distinctly  saline 
taste.  The  following  table  gives  an  idea  of  the  quantity 
which  has  been  found  in  some  of  the  most  important  of  the 
fluids  and  solids : 

TcMe  of  Quantity  of  Chloride  of  Sodium. 

Parts  per  1,000. 

In  Blood,  Human  (Lchmann) 4*210 

"  Chyle  (Lehmann) 6-310 

•*  Lymph  (Nasse) 4*120 

"  IDlk,  Human  (Lehmann) 0870 
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Farts  per  1,000. 

In  Saliva,  Human  (Lehmann) 1*680 

'*  Perspiration,  Human  (mean  of  three  analyses,  Piutti). . . .  8*433 

"  Urine  (maximum)  J  ( 1'2B0 

"      «*     (medium). .> Valentin.  •]  ..; 4.610 

"      «*      (minim-jm))  ' 2*400 

"  Fecal  Matters  (BerzeDus) 8*010 

Function  of  CKUrride  of  Sodium. — The  fanction  of  tliia 
principle  is  undoubtedly  important,  but  is  not  yet  ftdly  un- 
derstood. It  does  not  seem  to  enter  into  the  substance  of 
the  organized  solids  and  semi-solids  as  an  important  and  es- 
sential element,  but  apparently  exercises  its  chief  ftmction  in 
the  fluids.  It  certainly  determines,  to  a  great  extent,  the 
quantities  of  exudations,  regulates  absorption,  and  serves  to 
maintain  the  albuminoids,  especially  those  contained  in  the 
blood,  in  a  state  of  fluidity.  Albumen  is  coagulated  by  heat 
"with  much  greater  difficulty  in  a  solution  of  chloride  of  so- 
dium than  when  mixed  with  pure  water.  A  strong  solution 
of  common  salt  is  capable  of  dissolving  casein,  or  of  prevent- 
ing the  coagulation  of  fibrin.  We  have  already  alluded  to 
the  fact  that  it  is  the  chloride  of  sodium  particularly  which 
regulates  the  quantity  of  water  entering  into  the  composition 
of  the  blood  corpuscles,  thereby  preserving  their  form  and 
consistence ;  and  that  it  seems  to  perform  an  analogous  ftmc- 
tion with  reference  to  the  other  semi-solids  of  the  body. 
"With  regard  to  the  general  function  of  this  substance,  the 
following  proposition  of  Liebig  is  adopted  by  Robin  and  Ver- 
deil,  and  a  little  reflection  will  show  that  it  is  sustained,  as 
far  as  we  know,  by  the  facts: 

"  Common  salt  is  interTnediate  in  certain  general  pro- 
cesses,  and  does  not  parti€ij>ate  hy  its  elements  in  the  formxir 
tion  of  organs^ 

In  the  first  place,  the  fluids  of  the  body  are  generally  in- 
termediate in  their  functions,  containing  nutritious  elements, 
which  are  destined  to  be  appropriated  by  the  tissues  and  organs, 
and  worn-out  elements,  which  are  to  be  separated  from  the  body. 
In  the  blood  and  chyle  chloride  of  sodium  is  found  in  greatest 
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abandaoce.  When  the  nutrition  of  organs  takes  place,  which 
consists  in  the  fixation  of  new  j^roxiinate  principles,  chloride 
of  sodium  is  not  deposited  in  any  considerable  quantity,  but 
seems  to  regulate  the  general  process,  at  least  to  a  certain 
extent.  In  all  civilized  eonntries  aiUt  is  used  extensively  as 
a  condiment,  and  it  undoubtedly  facilitates  digestion  by  ren- 
dering the  food  more  savory,  and  increasing  the  flow  of  the 
digestive  tluids ;  here,  likewise,  acting  simply  as  an  interme- 
diate agent.  There  is  nothing  more  general  among  men  and 
animals  than  this  dedre  for  common  salt.  The  camivora 
erttve  it,  and  obtain  it  in  the  blood  of  animals  ;  the  herbivora 
fVeqaent  '■  ealt  licks  "  and  places  where  it  is  found,  and  relish 
it  when  mixed  with  their  food ;  while  by  man  ils  use  ia 
almost  universal.  In  the  domestic  herbivora  the  effect  of 
a  deprivation  of  this  article  is  very  marked,  and  has  been 
made  the  snbjec-t  of  some  very  interesting  experiments  by 
BoQEflingault.  This  observer  experimented  niwn  two  lots 
of  balloi-ks,  of  three  each,  all  of  them,  at  the  time  the  ob- 
servations were  commenced,  being  perfectly  healthy  and  in 
fine  condition.  One  of  tliese  lota  he  deprived  entirely  of  salt, 
excepting  what  was  contained  in  their  fodder,  while  the  other 
was  supplied  with  the  usual  quantity.  Ko  marked  difference 
in  the  two  lots  was  noticed  until  between  five  and  six  months, 
when  the  difference  in  general  appearance  was  very  distinct. 
The  animals  receiving  salt  retained  their  fine  appearance, 
while  the  others,  though  not  diminished  in  flesh,  were  not  as 
sleek  and  fine.  At  the  end  of  a  year  the  difference  was  very 
marked.  The  hides  of  those  which  had  been  deprived  of  salt 
were  rough  and  ragged,  their  appearance  listless  and  inani- 
mate, contraating  strongly  with  the  sleek  appearance  and 
vivacious  disposition  of  the  others.'  The  experiments  of 
Boussingault  are  the  most  conclusive  that  have  ever  been 
institati^d  with  regard  to  the  influence  of  chloride  of  sodium 

'  BoCKWaiCLT,  JfimorrfJ  <U  Chimie  Agrkolr  el  dc  Fhyiologie,  raris,  ISH, 
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upon  nutrition.  They  indicate  a  certain  deficiency  in  the 
nutrition  of  animals  deprived  of  it,  but  not  any  considerable 
loss  of  weight.  Before  these  observations  were  made,  Dailly 
made  upon  twenty  sheep  analogous  experiments,  which  were 
continued  for  three  months.  At  the  end  of  that  time  the 
lot  which  received  salt  presented  a  considerable  excess  of 
weight  (about  22f  lbs.)  over  the  others.* 

It  is  a  significant  fact  that  the  quantity  of  chloride  of  so- 
dium existing  in  the  blood  is  not  subject  to  variation,  but 
that  an  excess  introduced  with  the  food  is  thrown  off  by  the 
kidneys.  The  quantity  in  the  urine,  then,  bears  a  relation  to 
the  quantity  introduced  as  food,  but  the  proportion  in  the 
blood  is  constant.  This  is  another  fact  in  favor  of  the  view 
that  the  presence  of  a  definite  quantity  of  common  salt  in 
the  circulating  fluid  is  essential  to  the  proper  performance  of 
the  general  function  of  nutrition. 

Origin  and  Discharge  of  Chloride  of  Sodium. — ^This 
substance  is  always  introduced  witTi  food  in  the  condition 
in  which  it  is  found  in  the  body.  It  is  contained  in  the  sub- 
stance of  all  kinds  of  food,  animal  and  vegetable;  but  in  the 
herbivora  and  in  man,  this  source  is  not  suflicient  to  supply 
the  wants  of  the  system,  and  it  is  introduced,  therefore,  as 
salt.  The  quantity  which  is  discharged  from  the  body  has 
been  estimated  by  Barral'  to  be  somewhat  less  than  the 
quantity  introduced,  about  one-fifth  disappearing ;  but  these 
estimates  are  not  exactly  accurate,  for  the  amount  thrown  off 
in  perspiration  has  never  been  directly  ascertained.  It  exists 
in  the  blood  in  connection  with  the  phosphate  of  potassa,  and 
a  certain  amount  is  lost  in  a  double  decomposition  which 
takes  place  between  these  two  salts,  resulting  in  the  forma- 
tion of  chloride  of  potassium  and  phosphate  of  soda.  It  also 
is  supposed  to  furnish  the  soda  to  all  the  salts  which  have  a 

•   *  LoNOET,  Traite  de  Phj/siolo^Uj  tome  L,  p.  76. 
•  Cited  by  Robin  and  Verdeil.     Chimie  Anatomique  ei  Physiologique^  Parii^ 
1853,  tome  ii.,  p.  193. 
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soda  base,  and  a  certain  quantity,  therefore,  disappears  in  this 
way. 

Existing,  as  it  does,  in  all  the  solids  and  fluids  of  the 
body,  it  is  discharged  in  all  the  excretions,  being  thrown  off 
in  the  urine,  feces,  perspiration,  and  mucus. 

Chloride  of  Potassium^  KCl. 

Chloride  of  potassium,  though  not  as  important  a  proxi- 
mate principle  as  the  chloride  of  sodium,  nor  so  generally 
distributed  in  the  economy,  seems  to  have  an  analogous 
function.  It  is  found  in  the  Muscles,  Liver,  Milk,  Chyle, 
Blood,  Mucus,  Saliva,  Bile,  Gastric  Juice,  Cephalo-Eachidiai\ 
Fluid,  and  Urine.  It  is  exceedingly  soluble,  and  in  these 
situations  exists  in  solution  in  the  fluids. 

Its  quantity  in  these  situations  has  not  been  accurately 
ascertained,  as  it  has  generally  been  estimated  together  with 
the  chloride  of  sodium.  In  the  muscles,  it  exists,  however^ 
in  a  larger  proportion  than  common  salt.  In  cow's  milk, 
Berzelins  *  has  found  1'7  pts.  per  1,000 ;  Pfaff  and  Schwartz, 
1*35  per  1,000  in  cow's  milk,  and  0*3  per  1,000  in  human 
milk.' 

Of  the  function  of  this  principle,  little  remains  to  be  said 
after  what  has  been  stated  with  regard  to  the  chloride  of 
sodium.  Their  functions  are  probably  identical,  though  the 
latter,  from  its  greater  quantity  in  the  fluids,  and  its  univer- 
sal distribution,  is  by  far  the  more  important. 

Origin  and  Discharge  of  Chloride  of  Potassium. — This 
substance  has  two  sources ;  one  in  the  food,  existing,  as  it 
does,  in  muscular  tissue,  milk,  etc.,  and  the  other  in  a  chem- 
ical reaction  between  the  phosphate  of  potassa  and  the 
chloride  of  sodium,  forming  the  chloride  of  potassium  and 

*  Simon,  Chemistry  of  Marty  American  edit,  p.  342, 
'  Robin  and  Verdeil,  o/j.  o7.,  tome  il,  p.  205. 
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the  phosphate  of  Boda,  That  this  decomposition  takes  place 
in  the  body,  is  evident  from  the  fact  that  the  ingestion  of  a 
considerable  quantity  of  common  salt  has  been  found,  in  the 
sheep,  to  increase  the  quantity  of  chloride  of  potassium  in 
the  urine,  without  having  any  influence  on  the  amount  of 
chloride  of  sodium.  The  chloride  of  potassium  is  discharged 
from  the  body  in  the  urine  and  mucus. 

Phosphate  of  Linve^  3  CaO,  PO^. 

Phosphate  of  Lime  is  found  in  all  the  solids  and  fluids  of 
the  body.  As  it  is  always  united,  in  the  solids,  with  organic 
substances  as  an  important  dement  of  constitution^  it  is 
hardly  second  in  importance  to  water.  It  differs  in  its  ftmo- 
tions  so  essentially  from  the  chlorides  of  sodium  and  potas- 
sium, that  they  are  hardly  to  be  compared.  It  is  insoluble 
in  water,  but  held  in  solution  in  the  fluids  of  the  body  by 
virtue  of  free  carbonic  acid,  the  bicarbonates,  and  the  chlo- 
ride of  sodium.  In  the  solids  and  semi-solids,  the  condition 
of  its  existence  is  the  same  as  that  of  water ;  L  e.  it  is  incor- 
porated, particle  to  particle,  with  the  organic  substance  char- 
acteristic of  the  tissue,  and  is  one  of  its  essential  elements 
of  composition.  Nothing  need  be  added  here  as  to  this  mode 
of  union  in  the  body  of  oi^anic  and  inorganic  substances, 
after  what  has  been  said  under  the  head  of  water. 

The  following  table  *  gives  the  relative  quantity  of  phos- 
phate of  lime  in  various  situations : 

Table  of  Qiuintity  of  Phosphate  of  Lime, 

Farts  per  1,000. 

In  Arterial  Blood,  )p^^^^^^3^^^^( 0-790 

"  Venous  Blood,  S  \ 0760 

"  Milk,  Human  (Pfaflf  and  Schwartz) 2600 

«  SaUva  (Wright) 0*600 


'  SdecUoDB  from  the  table  of  Robin  and  Verdefl,  op.  eit 
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Puts  per  tfiOUk 

In  Urine  (proportion  to  weight  o)*  ash,  Fleitmann) 25*700 

**  Excrements  (Benelius). 40*000 

"tBone  (Lassaigne). 400* 

"  Vertebra  of  a  rachitic  patient  (Bostock) 136* 

**  Teeth  of  In&nt  one  day  old. 

"  Teeth  of  Adult 

*^  Teeth,  at  dghty-one  jears. . 
««  Enamel  of  Teeth 


Lassaigne* 


510* 
610* 
660- 
885* 


By  this  table  it  is  seen  that  the  phosphate  of  lime  exists  in 
very  small  quantity  in  the  fluids,  but  is  abundant  in  the 
solids.  In  the  latter  the  quantity  is  in  proportion  to  the 
hardness  of  the  structure,  the  quantity  in  enamel  being, 
for  example,  more  than  twice  that  in  bone.  The  variations 
in  quantity  with  age  are  very  considerable.  In  the  teeth 
of  an  infant  one  day  old,  Lassaigne  found  610  parts  per 
1,000 ;  in  the  teeth  of  an  adult,  610  parts ;  and  in  the  teeth 
of  an  old  man  of  eighty-one  years,  660  parts.  This  increase 
in  the  calcareous  elements  of  the  bones,  teeth,  etc.,  in  old  age 
is  very  marked ;  and  in  extreme  old  age  they  are  deposited  in 
considerable  quantity  in  situations  where  there  existed  but  a 
small  proportion  in  adult  life.  The  system  seems  to  grad- 
ually lose  the  property  of  appropriating  to  itself  organic  mat- 
ters ;  and  though  articles  of  food  are  digested  as  well  as  ever, 
the  power  of  assimilation  by  the  tissues  is  diminished.  The 
bones  become  brittle,  and  fractures,  therefore,  are  common  at 
this  period  of  life,  when  dislocations  are  almost  unknown. 
Inasmuch  as  the  real  eflSciency  of  organs  depends  on  organic 
matters,  the  system  actually  wears  out,  and  this  progressive 
change  finally  unfits  the  various  parts  for  the  performance  of 
their  functions.  An  individual,  if  he  escapes  accidents  and 
dies,  as  we  term  it,  of  old  age,  passes  away  thus  by  a  simple 
wearing  out  of  his  organism. 

Functum  of  Phosphaie  of  Lime. — This  substance,  as  be- 
fore remarked,  enters  largely  into  the  constitution  of  the 
Bolids  of  the  body.    In  the  bones  its  ftinction  is  most  appa- 
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rent.  Its  existence,  in  suitable  proportion,  is  necessary  to  the 
mechanical  oflSce  of  these  parts,  giving  them  their  power  of 
resistance,  without  rendering  them  too  brittle.  It  is  more 
abundant  in  the  bones  of  the  lower  extremities,  which 
have  to  sustain  the  weight  of  the  body,  than  in  those  of  the 
upper  extremities ;  and  in  the  ribs,  which  are  elastic  rather 
than  resisting,  it  exists  in  less  quantity  than  in  the  bones  of 
the  arm. 

The  necessity  of  a  proper  proportion  of  phosphate  of  lime 
in  the  bones  is  made  evident  by  cases  of  disease.  In  rachi- 
tis, where,  as  is  seen  by  the  table,  its  quantity  is  very  much 
diminished,  the  bones  are  unable  to  sustain  the  weight  of  the 
body,  and  become  deformed.  Finally,  when  the  phosphate  of 
lime  is  deposited,  fhey  retain  their  distorted  shape.  The 
phosphate  of  lime  may  be  extracted  from  the  bones  by  ma- 
ceration in  dilute  hydrochloric  acid,  which  dissolves  it,  leav- 
ing only  the  organic  substance.  Bones  treated  in  this  way, 
though  they  retain  their  form,  become  very  pliable ;  and  a 
long  slender  one,  like  the  fibula,  may  be  actually  tied  into 
a  knot. 

Origin  and  Discharge  of  Phosphate  of  Lime. — The  ori- 
gin of  this  principle  is  exclusively  from  the  external  world. 
It  enters  into  the  constitution  of  our  food,  and  is  discharged 
with  the  feces,  urine,  and  other  matters  thrown  off  by  the 
body.  Its  quantity  in  the  urine  is  exceedingly  variable.  Le- 
canu  found  from  0*437  to  29*250  grains  thrown  off  by  the 
kidneys  during  the  twenty-four  hours.* 

Carhonaie  of  Lime^  CaO,  CO,. 

Carbonate  of  lime  exists  in  the  Bones,  Teeth,  Cartilage,  In- 
ternal Ear,  Blood,  Sebaceous  Matter,  and  sometimes  in  the 
Urine.  It  exists  as  a  normal  constituent  in  the  urine  of  some 
herbivora,  but  not  in  the  carnivora,  nor  in  man.     It  is  most 

'  Lehmann,  Phytioloffieal  ChemUtry^  American  Edition,  toL  iL,  p.  161. 
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appropnately  considered  immediately  after  the  phosphate  of 
lime,  because  it  is  the  salt  next  in  importance  in  the  consti- 
tution of  the  bones  and  teeth.  In  these  structures  it  exists 
intimately  combined  with  the  organic  matter,  under  the  same 
conditions  as  the  phosphates,  and  has  analogous  functions. 
In  the  fluids  it  exists  in  small  quantity,  and  is  held  in  solu- 
tion by  virtue  of  free  carbonic  acid  and  the  chloride  of  po- 
tassium. 

The  carbonate  of  lime  is  the  only  example  of  an  inor- 
ganic proximate  principle  existing  uncombined,  and  in  a 
crystalline  form,  in  the  body.  In  the  internal  ear  it  is  found 
in  this  form,  and  has  a  function  connected  with  audition. 

According  to  Eobin  and  Verdeil,  it  is  possible  that  in 
chemical  analyses  a  certain  quantity  may  come  from  a 
decomposition  by  calcination  of  those  salts  of  lime  which 
,  contain  a  combustible  acid^*  These  authors  give  a  table 
of  the  quantity  of  this  substjmce  in  various  of  the  solids 
and  fluids  of  the  body,  from  which  we  make  the  following 
selections : 

Table  of  Quantity  of  Carbonate  of  Lime. 

Parts  per  l,00a 

In  Bone,  Human  (Berzelius) 11300 

"     "           "      (Marchand) 102*00 

"     "           "      (Lassaigne) 7600 

"  Teeth  of  Infant  one  day  old \                  t  ...  140*00 

"  Teeth  of  Adult >  Lassaigne)  ...  100*00 

"  Teeth  of  Old  Man,  eight  j-one  years  )                  (  . . .  10*00 

«*  Urine  of  Horse  (Bousshigault) 10-8'2 

Origin  and  Discharge  of  Carbonate  of  Lime. — Carbonate 
of  lime  is  introduced  into  the  body  with  our  food,  held  in  so- 
lution in  water  by  the  carbonic  acid,  which  is  always  present 
in  small  quantity.  It  is  also  formed  in  the  body,  particularly 
in  the  herbivora,  by  a  decomposition  of  the  tartrates,  ma- 

*  Op,  city  vol.  iL,  p.  247. 
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lates,  citrates,  and  acetates  of  lime  contained  in  the  food. 
These  salts,  meeting  with  carbonic  acid,  are  decomposed,  and 
the  carbonate  of  lime  is  formed.  It  is  probable  that  in  the 
human  subject  some  of  it  is  changed  into  the  phosphate  of 
lime,  and  in  this  form  is  discharged  in  the  urine ;  but  when 
and  how  this  change  takes  place  has  not  been  definitely  as- 
certained. 

Carbonate  of  Soda,  NaO,  CO,  +  10  HO. 

Carbonate  of  soda  is  found  in  the  blood  and  saliva,  giv- 
ing to  these  fluids  their  alkalinity  ;  in  the  urine  of  the  hu- 
man subject,  when  it  is  alkaline  without  being  ammoniacal ; 
in  the  urine  of  the  lierbivora ;  in  the  lymph,  cephalo-rachid- 
ian  fluid,  and  bone.  The  analyses  of  chemists  with  regard 
to  this  substance  are  very  contradictory,  on  account  of  its 
formation  during  the  process  of  incineration  ;  but  there  is  no 
doubt  that  it  is  found  in  the  above  situations.  The  follow- 
ing table  gives  the  quantities  which  have  been  found  in  some 
of  the  fluids  and  solids : 

Table  of  Quantity  of  Carbonate  of  Soda. 

FarU  per  1,000. 

In  Blood  of  the  Ox  (Marcet) 162 

"  Lymph  (Nasse) 0*66 

"  Cephalo-rachidian  Fluid  (Lassaignc) 0*60 

"  Compact  Tissue  of  Tibia  in  Male  of  88  jears  (Valentin)  2*00 
"  Spongy  Tissue  of  the  same  (Valentin) 0*70 

Function  of  Carbonate  of  Soda. — This  substance  has  a 
tendency  to  maintain  the  fluidity  of  the  fibrin  and  albumen  of 
the  blood,  and  assists  in  preserving  the  form  and  consistence 
of  the  blood  corpuscles.  Its  function  with  regard  to  nutri- 
tion is  rather  accessory,  like  that  of  chloride  of  sodium,  than 
essential,  like  the  phosphate  of  lime  in  the  constitution  of 
certain  structures. 
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Origin  and  Discharge  of  Carbonate  of  Soda. — This  sub- 
Btance  is  not  introduced  into  the  body  as  carbonate  of  soda, 
but  is  formed,  as  is  the  carbonate  of  lime  in  part,  by  a  de- 
composition of  the  malates,  tartrates,  etc.,  which  exist  in 
fruits.  It  is  discharged  occasionally  in  the  urine  of  tlie  hu- 
man subject,  and  a  great  part  of  it  is  decomposed  in  the 
lungs  by  the  action  of  pneumic  acid,  setting  free  carbonic 
add,  which  is  discharged  in  the  expired  air. 

Carbonate  of  Potaasa^  KO,  00,. 

This  salt  exists  particularly  in  herbivorous  animals.  It 
is  found  in  the  human  subject  when  subjected  to  a  vegetable 
diet.  Under  the  heads  of  ftinction,  origin,  and  discharge, 
what  has  been  said  with  regard  to  the  carbonate  of  soda  will 
apply  to  the  carbonate  of  potash. 

Carbonate  of  Magnesia^  MgO,  CO,HO,  and  Bicarbonate  of 

Soda,  NaO,  CO,  +  HO,  CO,.' 

It  is  most  convenient  to  take  up  these  two  salts  in  con- 
nection with  the  other  carbonates,  though  they  are  put  at  the 
end  of  the  list  of  inorgam'c  substances,  as  the  least  important. 
We  know  very  little  about  them,  chemically  or  pliysiologi- 
cally.  Traces  of  carbonate  of  magnesia  have  been  found 
in  the  blood  of  man,  and  it  exists  normally  in  considerable 
quantity  in  the  urine  of  herbivora.  In  the  human  subject 
it  is  discharged  in  the  sebaceous  matter. 

Liebig  has  merely  indicated  the  presence  of  bicarbonate 
of  soda  in  the  blood. 

Phosphate  of  Magnesia,  3  MgO,  PO,  +  7  HO ;  Phosphate 
of  Soda  (neutral),  3  NaO,  PO, ;  and  Phosphate  of  Potassa, 
2  KO,  PO.. 

'  Formula  of  Graham,  op.  o^.,  p.  880. 
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These  salts  axe  found  in  all  the  fluids  and  solids  of  the 
body,  though  not  existing  in  a  very  large  proportion,  com- 
pared with  the  phosphate  of  lime,  wliich  we  have  already 
considered.  In  their  relations  to  organized  structures,  they 
are  analogous  to  the  pliosphate  of  lime ;  entering  into  the 
composition  of  the  tissues,  and  existing  there  in  a  state  of 
intimate  combination.  They  are  all  taken  into  the  body 
with  food,  especially  by  the  camivora,  in  the  fluids  of  which 
they  are  found  in  much  greater  abundance  than  the  carbo- 
nates ;  wliich  latter,  as  we  have  already  seen,  are  in  great 
part  the  result  of  the  decomposition  by  carbonic  acid  of  the 
malatcs,  tartrates,  oxalates,  etc. 

With  respect  to  their  functions,  we  can  only  say  that, 
A'ith  tlie  phosphate  of  lime,  they  go  to  form,  and  are  neces- 
sary constituents  of,  the  organized  structures. 

Tliey  are  discharged  from  the  body  in  the  urine  and 
feces. 

Suljphate  of  Soda,  NaO,  SO ,  +  10  HO ;  Sulphate  of 
Potassa,  KO,  SO. ;  Sulp/uite  of  Lime,  CaO,  SO,  +  2  HO. 

The  sulphate  of  soda  and  the  sulphate  of  potassa  are 
identical  in  their  situation,  and  apparently  in  their  functions. 
They  are  found  in  all  the  fluids  and  solids  of  the  body,  ex- 
cepting milk,  bile,  and  gastric  juice.  Their  origin  in  the 
body  is  from  the  food,  in  which  they  are  contained  in  small 
quantity,  and  they  are  discharged  in  the  urine.  Their  chief 
function  a])pears  to  be  in  the  blood,  where  they  tend  to  pre- 
serve the  fluidity  of  the  fibrin  and  albumen,  and  the  form 
and  consistence  of  the  blood  corpuscles. 

The  sulphate  of  lime  is  found  in  the  blood  and  feces.  It 
is  introduced  into  the  body  in  solution  in  the  water  which  is 
used  as  drink,  and  is  discharged  in  the  feces. 

Its  function  is  not  understood,  and  is  probably  not  very 
important. 
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SydrocMorate  of  Ammonia^  2fH„  HCl. 

This  substance  has  simply  been  indicated  by  chemists  as 
existing  in  the  gastric  juice  of  ruminants,  the  saliva,  tears, 
and  urine.  Some  chemists  make  a  rearrangement  of  its  par- 
ticles, calling  it  chloride  of  anmionium,  when  instead  of 
NH,,  HCl,  it  would  be  NH^Cl ;  but  as  the  ammonium  is 
hypothetical,  the  name  we  have  used  seems  more  appropriate. 

It  is  discharged  in  the  urine,  in  which  it  exists,  according 
to  Simon,*  in  the  proportion  of  0*41  parts  per  1,000.  Its 
origin  and  function  are  unknown. 

Summary. — A  review  of  the  functions  of  the  individual 
inorganic  constituents  of  the  body,  excluding  the  gases,  will 
show  that  they  may  be  divided  into  two  groups :  one,  which 
is  composed  of  those  substances,  existing  particularly  in  the 
solids  and  seminsolids,  which  are  in  a  oandiiion  of  molecular 
tmion  toith  organic  substances^  merge  their  identity ^  as  it 
were^  into  ihem^  and  hecome  necessary  constituents  of  the 
tissues  ;  and  the  other,  composed  of  substances  which  rather 
regulate  J  hy  their  influerice  in  endosmosiSj  or  othencise^  the 
nutritive  processes^  do  not  seem  to  le  indispensable  constituents 
of  the  tissues,  hut  have  rather  an  accessory  office  to  perform 
in  the  function  of  nutrition. 

At  the  head  of  the  first  group  we  may  place  water ;  the 
absence  of  which  involves  destruction  of  the  properties  of 
the  tissues,  and  even  of  the  organic  elements. 

At  the  head  of  the  second  group  we  may  place  common 
salt;  which  is  absolutely  necessary  to  the  functions  of  nutri- 
tion, though  it  does  not  seem  to  form  an  indispensable  ele- 
ment of  the  tissues. 

The  first  group,  as  we  should  naturally  expect,  forms  a 
considerable  proportion  of  the  body,  and  the  articles  compo- 
sing it  are  discharged  in  small  quantity ;  as  in  the  case  of 


^  Skll08^  Animak  Ckemidry^  with  Erfertnee  to  tJu  Ph/9voloffy  and  PaUnohffy 
^Mqm,  rhiliide^ilik,  1846,  p.  403. 
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water,  which  composes  two-thirds  of  the  entire  organism,  and 
yet  only  about  four  and  a  half  pounds  are  discharged  daily 
from  the  skin  and  lungs,  and  in  the  urine  and  feces. 

The  second  group  enters  and  is  discharged  from  the  body 
in  considerable  quantity,  and  very  little  remains  in  the  or- 
ganism; as  common  salt,  which  exists  in  the  urine  in  a 
greater  proportion  than  in  any  of  the  solids  or  other  fluids. 

The  following  are  the  inorganic  substances  which  are  ap- 
parently indispensable  to  the  constitution  of  organized  tissues : 

Water. 

Basic  Phosphate  of  Lime. 
Carbonate  of  Lime. 
Pho^hate  of  Magnesia. 

"         "  Soda. 

"         "  Potassa. 

The  following  are  those  which  appear  to  have  an  accessory 
oflSce  in  nutrition : 

Chloride  of  Sodium. 

"        "  Potassium. 
Carbonate  of  Soda. 
Bicarbonate  of  Soda. 
Carbonate  of  Potassa. 

"        "  Magnesia. 
Sulphate  of  Soda. 

"        "  Potassa. 

The  remaining  two  principles,  sulphate  of  lime  and  hy- 
drochlorate  of  ammonia,  are  so  obscure  in  their  function  that 
they  cannot  be  definitely  put  in  either  of  the  above  groups. 

ORGANIC   NON-NIIEOGENIZED   PRIXCIPLES. 

{Hydro-  Carbons.) 

The  principles  of  this  class  difier  widely  from  inorganic 
substances     In  the  first  place,  they  have  a  difierent  origin, 
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Iwing  formed  exclusively  in  animal  or  vegetable  bodies.  Tliey 
are  of  definite  elieinieal  composition,  and  cryBtallizable.  The 
most  important  groups  of  this  class,  i.  e.  tbe  Bag:ar3  and  fat«,  are 
composed  of  carbon,  hvdrogen,  and  oxygen,  whence  they  are 
Bometiiuea  called  Hydro-Carbons.  They  are  distinguished 
from  another  class  of  organic  substancea  by  tbe  fact  that 
they  do  not  contain  nitrogen ;  whidb  lias  given  them  tbe 
name  of  H^on-nitrogenized  PnnGiples,  Tbey  are  in  part 
introdaced  into  tbe  body  as  food,  and  in  part  formed  iQ  tlie 
economy  by  special  organs.  In  tbo  former  instance,  they 
undergo  an  elaborate  preparation  by  digestion  before  tbey 
become  part  of  the  organism,  diflbring  in  this  respect  from 
the  inorganic  principles,  which  are  absorbed  unchanged 
With  the  exception  of  bntter  and  tbe  engar  of  miJJt,  tbey  are 
never  discharged  from  tbe  body  in  health,  but  disappear  in 
the  processes  of  nutrition.  In  this  respect,  also,  tbey  differ 
from  the  inorganic  principles,  all  of  which  are  discharged 
trom  the  body,  most  of  them  in  tbe  condition  in  which  tbey 
entered. 

The  most  imjKtrtant  principles  of  this  class  may  be  divided 
into  two  great  groups,  the  Sugars  and  the  Fats;  in  addition 
to  wliich  we  have,  lactic  acid  and  the  lactates,  pneumic  acid, 
pnenmato  of  soda,  the  fatty  acids  aad  their  combinations, 
and  certain  organic  salts  which  are  found  in  the  bile. 

iSugars. 
The  varieties  of  sngar  witli  which  we  are  most  familiar, 
of  which  cane  sugar  may  be  taken  as  the  type,  are  not 
found  in  the  animal  body,  but  belong  to  the  vegetable 
kingdom.  These,  which  form  an  important  element  of 
food,  must  be  modified  by  digestion  before  tbey  become 
proximate  principles.  For  a  long  time  it  waa  supposed 
that  sugar  was  an  exclusively  vegetable  production  and 
consumed  by  animals ;  but  late  experiments,  es])eeially  those 
of  Bernard,  have  shown  that  sugar  is  constantly  produced  by 
animals,  presenting,  in  this  instance,  marked  differences  from 


the  vejtotaljle  varieties.  Vegetable  sugar  taken  aa  ibod  ie 
changed  bo  as  to  resemble  aniniiil  Bugar, before  it  is  absorbed. 
In  ooneidering,  then,  the  proximate  principles  of  the  bodv,  we 
have  only  to  do  with  the  nniraal  sugars. 

There  are  two  varieties  of  Engar  manu&cttired  in  tie 
economy.  The  first  ia  eonstantly  formed  by  tho  liver,  and  is 
found  in  this  oi^an  and  the  blood  wliich  circnlatea  between 
it  and  the  lungs.  This  variety iscalledZiiMT'^Mp'flr/  and, as 
it  appears  in  the  urine  of  diabetics,  ia  Bometimes  knofi'n  un- 
der the  name  of  diabetic  sugar.  The  sewind  variety  ia  only 
present  in  the  oi^nism  during  lactation.  It  exists  in  the 
milk,  and  is  called  Milk  Sugar,  We  have  also  sngar  resulting 
from  the  transformation  by  digestion  of  cane  sugar  and  starch, 
which  is  called  Glucose.  This  resembles  the  liver  engar  rery 
closely,  and  ia,  indeed,  identical  witJi  it  in  composition,  bnt 
differs  from  it  in  the  fact  tbat  it  ferments  lees  easily. 

The  presence  of  sugar  in  the  economy  seems  to  be  a  ne- 
cessity of  existence.  It,  or  starch  which  is  readily  converted 
into  glucose,  constitutes  an  Important  and  necessary  element 
of  food.  In  early  life  large  quantities  are  taken  in  with  the 
milk.  Tliis,  however,  does  not  seem  to  be  suliieient  tosnpply 
the  wants  of  the  system,  and  wo  have  it  continually  manufae- 
tnred  iu  tho  interior  of  the  body  ;  but  once  formed,  or  intro- 
duced from  without,  it  undergoes  some  transfonnation  innutri> 
tion,  and  is  never  discharged  iu  health.  Sugar  is  exceedingly 
soluble,  and  in  the  economy,  exists  in  solution  in  the  blood. 
Here  it  forms  a  union  with  the  diloride  of  sodiura,  whidi 
masks,  to  a  certain  extent,  some  of  its  characteristic  proper- 
ties, Bueh  aa  the  peculiar  taste  by  which  it  is  eo  readily 
recognized. 


and  T'roper/ics. — The  sugara  are  composed 
of  carbon,  hydrogen,  and  oxygen  ;  and  it  is  noticeable  that  tliC 
hydrogen  and  oxygen  always  exist  in  eqiial  proportions,  or 
in  the  proportions  which  form  water ;  a  peculiarity  affording 
an  explanation  of  the  transformation  of  one  variety  of  sugar 
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iiito  another.  TvLiub  is  effected  in  some  jn&tancea  with  great 
facility. 

Simon'  gives  the  following  composition  of  the  animal 
BOgars  in  a  crj'BtalUne  fonn : 

lAeer  Sugar  and  Glvcoae,  C„Hi.O„. 
MSJi  Sugar,  C„n„0». 

On  exposing  either  of  these  varieties  of  sugar  to  a  dry 
heat,  two  iitoniB  of  water  of  crj-stallization  are  driven  off, 
leaving  the  formula  for  liver  sugar,  C„H„0,„  and  for  milk 
Engar,  C,^|.0„,  From  the  relative  composition  of  these 
varieties  of  sugar,  it  is  seen  that  the  addition  of  two  atoms 
of  hydrogen  and  oxygen,  or  water,  to  milk  sagar,  will  trans- 
form it  into  glacoBe.  This  change  actnally  takes  place  in 
digestion.  The  digestive  fluids  act  also  opon  cane  sugar 
(C„H,,0„)  and  starch  (C„H„0„),  transfonuing  them  into 
glucose. 

Animal  sugars  are  distinguished  from  cane  sugar  hy 
their  different  behavior  in  the  presence  of  adds  and  alkalis. 
Cano  sugar  is  converted  into  the  animal  variety  by  boiling 
for  a  few  seconds  with  a  dilute  mineral  acid,  and  is  unaffected 
Iiy  boiling  with  an  alkali ;  while  the  animal  sugars  are  not 
affected  by  acids,  and  are  transformed  into  a  dark-brown 
substance,  melassic  acid,  by  boiling  with  an  alkali. 

If  a  solution  of  sugar  be  mixed  with  a  little  fresh  yeast 
and  ko^it  for  a  few  hours  at  a  temperature  of  from  80*  to 
100°  Fahr.,  a  peculiar  change  takes  place  which  is  called  fer- 
mentation. The  sugar  is  decoinposeii  into  carbonic  acid  gas, 
which  rises  to  the  top  in  bubbles,  and  alcohol,  which  remains 
In  the  lii^uid.  Some  fenneats,  especially  organic  matters  In 
process  of  decomposition,  when  they  exist  in  a  saccharine 
solution,  have  the  property  of  inducing  a  cliange  of  the  sugar 
into  lactic  acid  (C,H,0^),  giving  rise  to  what  is  called  the 
laet'tc-acid  fermentation.    This  process  is  peculiar)}'  intereei- 

'  SuKDi'g  CtiBniUry  of  Man,  FhibidGlpliU,  1S16. 
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ing  in  a  physiological  point  of  view,  from  the  fact  that  much 
of  the  sugar  which  disappears  in  the  economy  is  now  thought 
to  undergo  this  change. 

A  clear  solution  of  sugar  has  a  peculiar  effect  upon  polar- 
ized light,  being  possessed  of  what  is  called  a  rotatory  power. 
If  a  ray  of  polarized  light  be  passed  through  a  tube  contain- 
ing simple  water,  its  direction  is  unchanged ;  but  if  a  saccha- 
rine solution  be  substituted,  it  is  found  to  possess  what  is 
called  molecular  activity,  and  turns  the  ray  to  the  right.  The 
amount  of  deviation,  which  can  easily  be  measured  by  an 
instrument  constructed  for  this  purix)se  by  Biot  and  Soleil, 
called  a  polarimeter,  indicates  the  quantity  of  sugar  in  the  solu- 
tion. The  instrument  above  mentioned  is  sometimes  used 
for  quantitative  analysis. 

TesU  for  Sugar. — Reliable  tests  for  determining  the 
presence  of  sugar  in  the  animal  tissues  and  fluids  are  useful 
to  the  practical  physician  as  well  as  the  physiologist;  for 
this  substance  frequently  occurs  in  the  urine,  as  a  pathological 
condition,  when  it  is  essential  to  ascertain  the  fact  of  its 
presence,  even  if  no  attempt  be  made  to  determine  its  quan- 
tity. For  this  purpose  a  number  of  tests  have  been  devised, 
which  are  most  of  them  reliable  and  simple  of  application. 

2[oor^B^  or  the  Potash  Test, — This  test  depends  on  the 
conversion  of  the  animal  sugars  into  melassic  acid  by  boiling 
with  a  caustic  alkali.  It  is  employed  in  the  following  way : 
To  a  small  portion  of  the  suspected  liquid  in  a  test  tube  we 
add  a  little  caustic  potash  in  solution,  and  boil  the  mixture. 
If  sugar  be  present,  a  brownish  color  will  be  produced,  its 
intensity  depending  upon  the  quantity  of  sugar.  This  test 
is  applicable  only  to  glucose,  grape  sugar,  and  the  animal 
varieties. 

Trommer^s  Test, — This  is  one  of  the  most  delicate  and 
convenient  tests  for  sugar.     It  is  employed  in  the  following 
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wa;  :  To  the  sospected  liquid  in  a  test  tnbe,  we  add  one  or 
two  drops  of  a  moderately  strong  solution  of  sulphate  of 
copper,  and  render  the  mixture  distinctly  alkaline  by  the 
addition  of  caustic  potasli  in  solution.  On  tlio  addition  of 
the  alkali  the  mixture  will  assutno  a  distinctly  blue  color, 
especially  marked  if  sugar  be  present.  On  the  application 
of  heat,  if  BUgur  be  present,  a  little  before  tlie  liquid  reaehea 
the  boiling  point,  a  yellowish  or  reddish  precipitate  will 
begin  to  aliow  itself  in  the  upper  part  of  the  test  tube,  which 
afi  the  bent  contiimes  will  gradually  extend  through  the  whole 
of  tb(3  liqnid.  If  no  sugar  be  present,  the  liquid  will  retain 
its  clear  blue  color,  unlea^  the  boiling  t>e  prolonged,  when  a 
black  precipitate  of  the  black  oxide  of  copper  is  likely  to 
appear.  In  this  test,  before  the  beat  is  appUeil,  the  copper 
is  in  the  form  of  the  sulphate  of  a  protoxide  (CuO,  SO,), 
which  is  soluble ;  but  on  boiling  in  an  alkaline  solution, 
the  BUgar  becomes  oxidized,  is  transformed  into  an  acid, 
the  nature  of  which  is  not  well  determined,  and  the  copper, 
losing  an  equivalent  of  oxygen,  becomes  reduced  to  the  con- 
dition of  a  Bub-oxide  (Cu,0),  which  has  a  reddi&li  or  yellow- 
ish color,  and  is  insoluble.  This  is  the  way  in  which  the  test 
is  generally  employed.  Troramcr  recommended  (1841),  with 
ei>ecial  refereuce  to  examination  of  mine,  to  first  ndd  the 
solution  of  potash,  then  filter,  and  then  add  tlie  solution  of 
copper.  If  sugar  be  present,  a  reduction  of  the  sub-oxide  will 
take  pla<;e  spontaneously  in  a  few  hours,  or  may  be  produced 
immediately  by  boiling.  This  removes  ceilain  sources  of 
obscurity  iu  examining  the  urine,  wlucli  result  from  a  pre- 
cipitate produced  by  the  simple  action  of  the  potasli,  and  not 
dejtendeut  on  the  presence  of  sugar. 

If  care  be  taken  to  employ  the  following  simple  precau- 
tions in  the  application  of  this  test,  it  will  be  found  the  most 
rdiable  and  simple  of  any  that  are  in  use  for  qualitative 
ana],me. 

The  solution  to  be  examined  must  be  clear,  A  clear 
extract  of  the  blood,  mnsclea,  or  liver,  is  easily  made  in  the 


following  way :  The  blood,  or  tissae,  finely  divided,  is  boiled 
ivitli  a  little  water  and  snlpliate  of  soda.  In  a  few  laomoots 
the  organic  and  coloring  mattere  will  become  coagulated, 
■wben  it  is  to  be  thrown  on  a  filter,  and  a  clear  extract  will 
pass  throiigh.  This  extract  will  contain  snlpbate  of"  eoda, 
■which  is  very  solnble  in  hot  water,  but  this  does  not  interfere 
with  the  application  of  the  test.  The  same  result  may  be 
obtained  by  boiling  with  animal  charcoal,  enough  being 
added  to  make  a  thin  paste,  and  filtering ;  a  process,  how- 
ever, which  is  more  tedious  and  has  no  advantages  over  the 
one  jnst  described. 

In  testing  the  urine,  a  light  flocculent  precipitate  will 
generally  be  obtained,  though  no  sugar  be  present.  With 
a  little  experience  this  may  \ie  distinguished  from  tlie 
deposit  of  suboxide  of  copper,  by  the  fact  that  it  is  leas 
highly  colored,  and  ap])ear8  in  flakes  after  it  finally  settles 
to  the  bottom  of  the  test  tnbe,  of  a  light  grayish  color; 
while  the  sub-oxide  of  copper  settles  to  the  bottom  in  the 
form  of  a  lieavy  red  powder.  If  there  be  any  doubt  as  to 
the  natnre  of  the  reaction,  the  urine  may  be  pnrifiod  in  va- 
rious ways  before  testing.  A  very  simple,  and  perhaps  the 
best  method,  is  to  make  a  paste  with  animal  charcoal  and 
filter.  Kobin  recommends  the  following  process;  "To  be 
certain  of  the  presence  of  glucose,  we  fi^ee  it  (the  liquid)  from 
all  reducing  matters ;  let,  adding  to  the  urine  an  excess  of 
the  neutral  acetate  of  lead,  then  fitfering;  2d,  adding  to  this 
clear  filtered  liquid,  ammonia,  until  it  is  slightly  alkaline, 
and  filtering.  We  can  then  treat  the  second  liquid  with  the 
reagents ;  and  if  it  precipitates,  it  is  certain  that  there  is  sugar 
iu  the  urine.'"  Another  method  is  to  evaporate  the  urine  to 
the  consistence  of  a  eymp,  extract  this  with  alcohol,  drive 
off  the  alcohol  by  evaporation,  and  dissolve  tlie  residue  in 
water ;  when  if  sugar  be  present  it  will  i-espond  to  the  test 

'  JXtHonnaire  de  Midtane,  ite^  de  F.  H.  Xvste-n.  por  E.  LrmtE  cl  Cn.  Rosn, 
Paris,  ISSS.    "Buere:- 
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It  is  a  curioaa  fact  that  sugar  udded  to  beallliy  urine,  even 
m  ]nig«  qaautity,  will  not  reapond  to  Trommer's  test,  on 
accomit  of  organic  matters,  wlik-li  interfere  with  the  redac- 
tion of  the  copper.  The  cause  of  this  interference  wo  do  not 
luiderBtand ;  but  in  diabetea,  the  organic  enbstanciw,  whatever 
t'lcj  niiiy  be,  are  not  present,  or  at  least  do  not  interfere  with 
the  application  of  t^ta  for  sugar. 

Another  precaution  to  be  adopted  is  to  add  a  small  quan- 
tity, two  or  three  drops  only,  of  tbe  solution  of  sulphate  of 
copper,  especially  if  we  suspect  the  sugar  to  he  present  in 
gmall  quantity ;  for  if  too  much  be  added,  a  portion  only  of 
the  oxide  of  copper  will  be  reduced,  and  that  which  remains, 
by  its  bine  color,  may  obscure  tbe  reaction. 

BammmWs  Teat. — For  those  engaged  in  physiological 
inrcstigatioiis,  when  it  is  desired  to  roughly  estimate  the 
quantity  of  sugar  in  any  clear  extract,  and  when  the  test  is 
to  bo  employed  very  frequently,  EarreswiU's  solution  is  cou- 
vraiient.  This  is  simply  a  solution  of  tartrate  of  copper  and 
caustic  potash.  Tbe  reaction  with  this  fluid  is  precisely  tbe 
mme  as  in  Trommer's  test.  It  has  seemed  to  me,  if  there  be 
any  difiFerence,  that  the  reduction  takes  place  more  promptly 
with  the  sulpbiite  of  copper,  but  that  tbe  tartrate  will  detect 
a  flinaller  quantity  of  engiir.  The  ndrantj^re  of  Bnrreswill'a 
test  is,  tliat  but  a'  single  fluid  is  to  bo  added  to  the  suspected 
solution.  The  only  disadvantage  is,  that  the  solution  is  liable 
to  Alteration  if  kept  more  tbau  a  few  days  or  weeks.  Afler 
standing  for  a  certain  time,  a  yellowish  sediment  is  deposited, 
and  the  fluid  will  no  longer  reduce  in  the  presence  of  sugar. 
It«  proiierties  may  be  renewed  by  adding  a  little  potash  and 
filtering ;  but  in  delicate  obsen'ations,  it  is  always  better  to 
use  a  solution  which  has  not  uudei^one  alteration. 

In  employiug  this  test,  wo  add  to  the  suaijccted  fluid 
euongh  of  the  solution  to  give  tbe  whole  a  distinctly  blue 
color,  and  boil ;  if  sugar  be  present,  we  bavo  a  reduction  of 
tliu  ycUowi&h  sub-oxide  of  copper  as  in  Trommer's  test. 


66  DrraoDucnoN. 

The  solution  may  be  prepared  according  to  tlie  following 
formula,  reduced  to  grains  from  the  formula  given  by  Ber- 
nard: * 

Of  bitartrate  of  potash,  3  vi.  gr.  xxiij. 

Of  crystallized  carbonate  of  soda,  3  v.  gr.  ix. 

Dissolve  in  3  vss.  of  water ;  add  to  the  solution  3  iij.  gr. 
li.  of  sulphate  of  copper,  and  boil ;  allow  the  mixture  to 
cool  and  add  3  v.  gr.  ix.  of  potash  dissolved  in  3  iv.  of  water. 
Add  water  till  the  whole  measures  3  xvii, 

MaumenPa  Teat — BoUger^a  Teal. — The  first  of  these 
tests  is  employed  by  saturating  strips  of  some  woollen  tissue, 
such  as  flannel,  with  a  strong  solution  of  bichloride  of  tin, 
and  drying.  One  of  these  strips  is  moistened  with  the  sus- 
pected liquid,  and  dried  quickly  by  the  heat  of  a  fire  or  lamp. 
If  sugar  be  present,  the  strips  will  assume  a  brownish  or  black 
tint. 

Bottger's  test  depends  upon  the  reduction  of  a  salt  of  bis- 
muth, analogous  to  the  reduction  of  the  copper  in  Trommer's 
test.  It  is  employed  in  the  following  way :  TVe  add  to  the 
suspected  liquid  a  few  drops  of  a  weak  solution  of  the  nitrate 
of  bismuth  in  nitric  acid,  render  the  whole  alkaline  by  the 
addition  of  a  solution  of  carbonate  of  soda,  and  boil  for  three 
or  four  minutes.  If  sugar  be  present,  the  bismuth  will  be 
reduced,  and  form  a  dark  precipitate.  Neither  of  these  tests 
presents  any  advantage  over  Trommer's  test,  which  is  the  one 
most  generally  employed. 

Fermentation  Teat. — ^With  the  exception  of  actual  ex- 
traction, this  is  the  most  certain  test  for  sugar,  and  should 
always  be  employed  when  the  other  tests  leave  any  doubt 
with  regard  to  its  presence.  It  depends  on  a  property  of 
sugar  whereby  it  is  decomposed  into  alcohol  and  carbonic 
acid  in  the  presence  of  certain  ferments,  at  a  moderately  ele- 
vated temperature.     The  test  is  applicable  to  all  varieties  0I 

*  Bernard,  Lcfona  de  Phyniologie  Expirimcnialc^  ParirJ,  1866,  p.  S4. 


frngar;  bat  it  must  be  remembered  that  milk  sugar  fer- 
ments slowly  and  with  difficulty.  In  its  application,  all  that 
ia  necessary  ia  to  add  a  few  drops  of  fresh  jeaet,  and  keop 
the  Buspected  liquid  for  a  few  hours  at  a  temperature  of  fi-oui 
80*  to  100°  Fahr.  The  mixture  should  be  placed  in  some  appa- 
ratus by  which  the  gas  which  forms  may  be  collected  and  an- 
alyzed. To  effect  this,  we  may  till  a  large  test  tube  andiuvert  it 
in  a  small  shallow  veesel ;  or  if  there  be  hut  a  email  quantity  of 
liquid,  we  may  use  a  very  simple  and  convenient  apparatos 
descrihed  by  Bernard.  This  is  simply  a  large  test  tube  fitted 
with  a  good  cork,  perforated  to  allow  the  passage  of  a  email 
tabe  whidi  extends  to  the  bottom.  This  tube  may  Ije  turned 
np  at  the  lower  end,  and  bent  above  bo  as  to  permit  the 
escape  of  the  liquid  as  the  gas  is  formed.  The  whole  is  com- 
pletely iilled  with  the  suspected  solution,  to  wliich  have  been 
added  a  few  drops  of  fresh  yeast,  and  kept  at  a  temperature 
of  SO"  to  100"  Fahr.  If  sugar  be  present,  bubbles  of  gas  will 
soon  begin  to  appear,  whicii  will  collect  at  the  top  and  force 
a  portion  of  the  liquid  out  by  the  small  tube.  If  no  gas  has 
ap[)eHreil  at  the  end  of  four  or  six  hours,  it  is  certain  that  no 
sugar  i&  present.  This  test  is  conclusive,  if  proper  care  be 
taken  in  its  application ;  and  to  insure  accuracy,  it  is  well  to 
test  the  yeast  with  a  saccharine  solution  to  demonstrate  its 
activity,  and  test  it  also  with  pore  water,  to  be  sure  that  it 
contains  no  sugar.  We  may  then  dcmwistrate  that  the  gas 
produced  is  carbonic  acid  by  removing  the  cork  and  inserting 
a  lighted  taper,  which  will  be  immediately  extinguished,  or 
passing  it  into  another  vessel  and  agitating  with  lime-water, 
which  will  be  rendered  milky  by  the  formation  of  the  insolu- 
ble carbonate  of  lime.  The  alcohol  remains  in  the  liquid, 
from  which  it  may  be  separated  by  careful  distillation. 

Measures  for  demonstrating  the  composition  of  the  gas 
and  the  presence  of  alcohol  in  the  liquid  are  by  no  means 
necessary  in  the  ordinary  application  of  the  test.  The  dis- 
tinct formation  of  gas  in  tlie  liquid  is  generally  sufficient 
evidence  of  the  presence  of  sugar. 
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Tondce. — ^Another  test  of  the  piesenee  of  engar  is  tbe 
pron-tli  of  the  Toruios  cerevisice.  After  diabetic  urine  has 
stood  for  some  time  at  a  moderate  temperature,  a  delicate 
Bcum  will  form  upon  the  surface,  which,  on  microscopic 
esamination,  will  he  found  to  consist  of  a  vegetable  groxirtlt, 
presenting  a  number  of  oval  joints  irregularly  connected. 
These  are  called  Torulce.  After  a  time  they  break  up  and 
fall  to  the  iKittom  of  the  vessel,  as  minute  oval  epores.  This 
appearance  ia  observed  even  when  a  amall  quantity  of  sugar 
is  present. 

Various  modes  of  proeedore  have  been  described  for  tJie 
detcrminatiou  of  the  quantities  of  eugar.  In  general  terms 
it  may  be  stated  that  the  copiousness  of  the  precipitate  in 
Tromoior's  test,  and  the  amount  of  gas  evolved  in  the  fer- 
mentation test,  give  some  idea  of  the  quantity  of  BOgar 
present.  Tor  directions  for  accurate  quantitative  analysis  the 
reader  is  referred  to  works  on  organic  chemistry. 

Origin,  and  Inunctions  of  Sugar. — Sugar  is  an  important 
element  of  food  at  all  periods  of  life.  In  the  young  child  it 
is  introduced  iu  considerable  quantity  with  the  milk.  In 
the  adnit  it  is  introduced  partly  in  the  form  of  cane  sugar, 
but  mostly  in  the  form  of  starch,  which  is  convortetl  into 
sugar  in  the  process  of  digestion.  "With  the  exception  of 
milk  sugar,  which  is  present  only  during  lactation,  all  the 
sugar  in  the  body  exists  in  a  form  resembling  glucose,  into 
which  milk  sugar,  cane  sugar,  and  starch  arc  all  converted, 
either  before  thoy  are  absorbed,  or  aa  they  pass  tlirough  the 
liver.  In  addition  to  these  external  sources  of  sugar,  it  is 
continually  manufactured  in  the  economy  by  the  liver, 
whence  it  is  taken  np  by  the  blood  passing  through  this 
organ.  It  disappears  from  the  blood  iu  its  passage  through 
the  lungs.  Sugar  ia  found  then  in  the  economy  con- 
stantly, in  the  substance  of  the  liver,  iu  the  blood  coming 
from  the  liver,  and  in  the  blood  of  the  right  side  of  the 
heart;  and  after  the  ingestion  of  saccharine  or  amylaceoiu 


s  of  food,  in  the  blood  of  the  portal  vein.  It  is  »ot 
foimd  in  other  organs,  nor  does  it  normally  exiet  in  the 
arterial  blood. 

During  tlie  first  tliree  or  four  months  of  foetal  life  sagar 
ts  formed  by  the  placenta,  and  exi&ts  in  all  the  fluids  of  the 
foBtns,  in  greater  qnantity  even  than  after  birth.  At  the 
third  or  foorth  month  the  liver  begins  to  take  on  this  ftuic- 
tion,  which  ia  gradually  lost  hy  the  placenta.  The  constant 
prodaction  of  this  principle  in  the  economy,  even  in  the 
early  months  of  t'cetal  life,  is  significant  of  the  importance  of 
ita  funcHun. 

The  function  of  sugar  and  its  mode  of  disappearance  in 
the  economy  are  not  yet  well  understood.  Its  early  forma- 
tion in  large  qnantity,  when  the  proceses  of  nntrition  are 
most  active,  seems  to  point  to  an  important  office  in  the 
jicrformnnce  of  tliis  general  ftinction.  Its  presence  is  nn- 
doubtedly  necessary  at  all  periods  of  life ;  for  its  formation 
never  ceases  in  healdi.  Bernard  has  attempted  to  show  that 
ita  presence  in  the  animal  fluids  favors  cell  development,  bnt 
has  hardly  succeeded  in  establishing  this  fully.' 

It  has  been  claimed  Uiat  the  sugars  and  fats  are  for  the 
pnrjMKe  of  keeping  np  the  animal  temperature,  and  are 
oxidized  or  nnder^  combustion  in  the  lungs.  This  view 
was  afterwards  inoiiitied  by  Liebig  and  others,  who  supposed 
that  the  oxidation  takes  place  in  the  general  system.  This 
theory  will  he  discnssed  more  fully  in  the  chapter  on  animal 
heat.  Here  we  can  only  say  tfiat,  while  there  are  many  cir- 
cumstances wliic'li,  taken  by  themselves,  might  lead  to  such 
a  conclusion,  the  production  of  heat  in  the  body  is  closely 
connected  with  the  general  proceea  of  nutrition,  of  whicli  tlio 
disappearance  of  oxygen  and  formation  of  carbonic  acid  are 
Wta  single  one  ofmany  important  changes.  We  have  not  yet 
sufficient  ground  for  the  supposition  that  tJie  snbstances  under 

sideration  are  directly  and  exdusivcly  acted  upon  by  oxy- 
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gen  ill  tlie  organism.  The  term  calorific  elements,  which 
is  sometimes  applied  to  them,  cannot  therefore  be  accepted. 
When  we  endeavor  to  aiib&titute  for  this  theory  a  definite  ex- 
planation of  the  uses  of  sugar  in  the  economy,  we  find  our- 
eelvea  at  a  loss ;  but  it  must  be  remembered  that  we  are  yet  far 
from  having  a  complete  knowledge  of  the  functions  of  the 
body,  particularly  those  connected  with  the  intimate  pro- 
cesses of  nutrition. 

In  the  present  state  of  science,  we  are  only  justified  in 
saying  that  sugar  is  important  in  tfieprocesB  of  dcvetopjn^ni 
and  nutrUion,  at  all  periods  of  life.  The  precise  way  in 
which  it  injtuencea  these  processes  is  notfuUy  understood. 

Sugar  disappears  from  the  blood  in  its  passage  through 
the  lungs,  in  great  part,  probably,  by  conversion  into  lactic 
acid.  This  change  has  been  demonstrated  in  the  blood  of  a 
diubetic  patient ;  all  the  sugar  contained  in  the  blood  being 
thus  changed  in  less  than  twenty  minutes.' 

Sugar  is  never  discharged  from  the  body  in  health,  with 
the  single  exception  of  the  sugar  of  milk  in  the  female  during 
lactation.  Under  certain  diseased  couditions  of  the  system 
its  production  by  the  liver  is  exaggerated,  so  that  a  certain 
quantity  passes  through  the  lunga,  exists  in  the  arterial  blood, 
and  appears  in  the  nrine,  constituting  the  very  serious  affec- 
tion called  diabetes  mellitus. 

Fats. 

Fatty  or  oily  matters  exist  in  both  the  animal  and 
vegetable  kingdoms.  Those  which  are  most  interesting  to 
ns  03  physiologists  are  the  varieties  found  in  animals,  which 
constitute  an  important  group  of  jiroximate  principles.  Both 
vegetable  and  animal  fata  are  important  elements  of  food. 

In  the  animal  economy  fat  exists  in  three  varieties,  whidi 
are  called,  respectively,  Oleine,  Margarine,  and  Stearins. 
In  certain  situations  are  found  some  of  the  fatty  acids  and 
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I  combiiifttions,  but  they  exist  in  minute  (jiiantltv,  and 
jr  flttictioti  is  comparativclj  unimportaut. 

m^^posUion  and  Properti<«, — In  their  ultimate  composi- 
(,  fata  bear  a  certain  resemblance  to  tKe  BUgars.  Like 
them  they  are  composed  of  carbon,  hydrogen,  and  oxygen; 
bat  the  two  latter  elements  do  not  exist,  as  in  sugar,  in  the 
jiroporHons  to  form  water.  From  this  difference  we  should 
be  led  to  suspect.,  what  is  really  tlie  fact,  that  the  different 
varieties  of  fat  are  not  mutually  convertible. 

The  fat  which  exists  in  the  body  ia  a  mixture  of  the  three 
varieties  above  mentioned,  and  is  found  in  the  ordinary  adi- 
pose tissue,  and  in  the  substance  of  certain  tiesues  in  the 
form  of  minute  globules  or  granules.  It  is  not  found  in  any 
great  quantity  in  the  blood,  except  after  digestion  of  a  fiill 
meal  It  exists  in  the  chyle  in  a  state  of  extremely  minute 
subdivision  and  suspension.  It  exists  in  the  milk,  also  iu  a 
state  of  minute  subdivision,  but  presenting  some  slight  differ- 
ences tVfim  the  ordiuary  fatty  matter  of  the  economy, 

Robin  and  Terdeil  give,  as  the  ultimate  composition  of 
Stearine,  0,iH,„O,,  The  other  varieties  are  separated  from 
their  union  with  each  other  with  great  difficulty,  and  have 
not  yet  been  obtained  in  a  state  of  sufficient  purity  for  ulti- 
mate analj-sis.  The  reaction  of  all  the  varieties  of  fat  is 
neutral, 

:,  in  greater  or  less  quantity,  is  found  in  all  the  tissues 
9  body,  with  the  eseoption  of  the  substance  of  the  bones, 

:b,  and  the  elastic  and  inelastic  fibrous  tissue.     It 

•Iways  consists  of  a  mixture  of  the  three  varieties  in  varying 
proportions,  but,  with  one  or  two  exceptions,  ia  never  com- 
bined with  any  other  of  the  proximate  principles.  In  the 
adipose  ti^ue  proper,  it  is  enclosed  in  little  cells  which  ara 
called  the  adipose  vesicles.  In  all  other  situations  it  is  in  the 
form  of  microscopic  globules  or  granules.  As  it  is  thus  dis- 
tinct from  other  elements,  it  may  be  always  recognized  in  the 
organism  hy  the  uaked  eye  or  the  microscope.     In  the  ncr- 
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vons  matter  there  exists  a  phosphorized  fat,  tlie  composition  I 
and  properties  of  which  are  not  very  well  nnderstooc],  i 
union  with  organif!  matter.     A  miniite  quantity  of  fat  exists  J 
in  combination  with  the  oiganie  matter  of  the  blood  corpnft-  ] 
cles. 

Tlie  fata  are  insoluble  in  water  and  in  the  animal  flaida,  j 
with  the  exception  perhaps  of  the  bile,  which  holds  a  Email  i 
quantity  in  solution  by  virtnc  of  its  saponaceous  constitnentfl, 
They  are  all  very  solnble  in  ether  and  hot  alcohol,  and  hot  1 
slightly  soluble  in  cold  alcohol.  The  varieties  which  are  solid  I 
at  the  temperature  of  the  body,  stearine  and  margarine,  are  I 
easily  dissolved  by  oleine,  which  13  liquid. 

The  most  marked  distinction  between  the  varieties  of  Jat  I 
is  in  their  consistence.  Oleine  is  liquid  at  the  temiwratura  j 
of  the  body,  and  even  at  the  freezing  point  of  water.  Har^  I 
garine  is  liqnid  at  or  above  the  temperature  of  118°,  and  j 
stearino  at  the  tcmpcratnre  of  143"  Fahr.  The  difference  in  ] 
the  consistence  of  adipose  tissue  of  difierent  animals  depends  ] 
upon  the  relative  proportion  of  the  various  kinds  of  fat. 

Saponijtoation. — 'Wlien  fat  is  boiled  for  a  certain  time  I 
with  an  alkali,  in  the  presence  of  wafer,  it  undergoes  a  pecu- 
liar decomposition  which  is  called  saponitication.  A  portion 
of  the  water  is  appropriated,  and  the  fat  is  converted  into 
ghjco'ine  and  an  acid.  The  acid  is  called  oleic,  majyarie, 
or  stearic  acid,  as  it  is  formed  from  oleine,  mai^rine,  gr 
Btearine.  In  this  process  the  glycerine  remains  tmcombiued,  1 
and  the  acid  unites  with  the  alkali  to  form  what  is  commonly 
known  as  a  soap. 

This  kind  of  decomposition  is  called  saponitication  by  a  I 
base;  but  technically,  saponification  is  regarded  as  anypr(>-  j 
cess  by  which  a  fat  is  decomposed  into  its  acid  and  glycerine. 
This  mar  be  effected  by  passing  the  vapor  of  water  throngh 
fat  which  has  been  raised  to  a  temperature  of  573*  Fahr.  The 
action  of  the  strong  acids  is  also  to  decompose  fat,  "When  a 
email  quantity  of  acid  is  used,  it  unites  with  the  glycerine; 


Ll 


63 


I  ft  large  quantity  is  -jsed,  it  unites  iritli  tlie  fatty  ncid. 
I'process  of  formation  of  glycerine  and  fatty  Hcida  in- 
volves the  fixation  of  a  certain  quantity  of  water;  bo  that 
the  combined  weights  of  the  glycerine  and  acid  exceed  that 
of  the  fat  originally  employed,'  It  is  thought  by  some  lliat 
tliis  aeiditicatlon  of  fat  takes  place  to  a  certain  extent  in  di- 
gestion ;  however  thie  may  be,  it  is  not  an  essential  part  of 
jstive  process. 

[. — When  liqnid  fat  is  violently  shaken  up  with 
;  is  minutely  subdivided,  and  an  opaque  milky  mix- 
ture is  llie  resnlt.  But  this  is  momentary,  the  two  liquids 
separating  almost  immediately  from  each  other  wlieu  they 
are  no  longer  agitated.  There  are  certain  fiuids,  however, 
whicli  have  the  property  of  holding  fat  permanently  in  a 
state  of  minute  Bubdivisiou  and  suspension,  forming  what  is 
called  an  emulsion.  Out  of  the  body,  mucilaginous  fluids 
and  white  of  egg  have  this  property.  In  the  body,  we  find 
as  examples  of  emulsions  the  chyle,  which  is  formed  by  the 
action  of  the  pancreatic  juice  upon  the  fatty  elements  of 
food,  and  milk,  which  is  composed  of  butter  held  in  suspen- 
uoa  by  the  water  and  caseine.  The  property  of  forming 
emulsions  with  certain  liquids  is  one  of  the  most  interesting 
attributes  of  the  fats,  as  it  is  in  this  fonu  only  that  it  can 
find  its  way  from  the  alimentary  canal  into  the  general 
Byslem. 

Origin  and  Functions  of  Fat. — One  source  of  fat  in  the 
economj'  is  the  food.  It  conBtitutee  an  important  article  of 
diet,  existing  in  animal  food  in  the  form  of  adipose  tissue, 
and  mingled  to  a  certain  extent  with  the  muscular  tissue. 
Vegetable  oil  also  is  quite  a  common  article  of  food.  "WTien 
introduced  in  the  form  of  adipose  tissue,  the  fat  is  freed  from 
fte  TCsiiiles  l)y  the  action  of  the  gastric  juice,  is  generally 
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melted  at  the  temperature  of  Ute  body,  aod  floats  in  the  form 
of  oil  on  the  alimentary  mass.  It  passes  then  into  the  Btnall 
intestines  unchanged,  is  emulsified  by  the  pancreatic  juice, 
and  absorbed  by  the  lacteals.  A  small  quantity  of  fiat  is 
absorbed  by  the  radicles  of  the  portal  vein.  After  a  fiiU 
meal,  the  blood  of  a  carnivorous  animal  frequently  coutalna 
enough  fatty  emalsion  to  form  a  thick  white  pelicle  on  cooling. 

The  question  as  to  the  possibihty  of  the  formation  of  &t 
in  the  organism  may  be  now  considerctl  as  definitely  settled. 
It  has  been  shown  by  Liebig,  Eoussingault,  and  others,  that 
in  young  anbnals  especially,  the  fat  in  the  body  cannot  all  be 
accounted  for  by  that  which  has  been  taken  in  as  food  added 
to  that  which  the  body  contained  at  birth.  The  e^perimaitfi 
of  Uouasingaidt,"  on  this  point,  on  young  pigs,  are  very  con- 
clutiive,  and  demonstrate  that  fat  must  be  produced  some- 
where in  the  organism.  Bernard*  has  shown  that  an  eniiil- 
sive  substance,  which  he  regards  as  fat  in  combination  with 
organic  nitrogenized  matters,  is  produced  by  the  liver,  and 
is  taken  up  by  the  blood  of  the  hepatic  vein.  He  believes 
that  it  is  produced  at  the  exi)enso  of  tlie  amylaceous  or  sae- 
cliarine  elements  of  food. 

It  is  very  certain  that  the  generation  or  deposition  (rf 
fat  in  the  body  may  be  influenced  very  considerably  by 
diet,  and  the  conditions  of  the  eystem.  This  is  daily  esem- 
plihed  in  the  inferior  animals,  and  is  true,  though  it  is  not 
perhaps  as  universal,  in  the  human  subject.  It  haa  been 
found  that  a  diet  consisting  largely  of  fatty,  amylaceons,  and 
saccharine  principles  favors  the  accumulation  of  fat,  while 
an  exclusively  nitrogenized  diet  is  unfavorable  to  it,  aud  wUl 
produce  emaciation,  if  rigidly  followed.  Muscular  activi^, 
it  is  well  known,  is  unfavorable  to  tlie  accumulation  of  &t; 
ivhicli  may  account  in  a  measure  lor  its  greater  relative  qaao- 
tity  in  the  female.    In  gome  individuals,  especially  when  its  tuy 
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cntiialatiotk  is  excessive,  tliere  ia  an  iiereditarj-  tendency  to  fot. 
Organs  which  are  in  process  of  atrophy  from  disease,  or  other 
causes,  are  apt  to  ]»  the  seat  of  n  deposit  of  fatty  graiioles ; 
us  the  niuscolar  Hbree,  which,  in  many  diseases  character- 
ized by  rapid  eioaciution,  are  found  to  be  tlie  seat  of  fatly 
degeneration. 

There  are  certain  sitnations  where  fat  never  exists,  na  la 
the  eyeli  Ja  and  scrotum ;  and  others  where  it  is  always  found, 
even  in  extreme  emaciation,  as  in  the  orbit  and  around  the 
kidneys.  Ordinarily,  fat  ia  pretty  well  distributed  ttirongh- 
ont  the  body,  having  a  tendency  to  accumulate,  however, 
beneath  the  skin,  and  in  the  omentum,  where  its  presence  is 
least  likely  to  interfere  with  the  function  of  parte,  and  where 
it  sen-es  to  maintain  the  uniform  temperature  of  tlie  body, 
and  particularly  of  the  deUcate  abdominal  oi^ans. 

The  average  relative  quantity  of  fat  in  the  human  body 
has  beeu  calculated  by  Burdach  to  be  tive  parts  per  hundred. 
In  the  body  of  a  man  weighing  170  pounds,  he  found  SS 
pounds  of  fat.' 

In  certain  parts  fat  has  an  important  mechanical  func- 
tion. It  serves  as  a  soft  bed  for  delicate  organs,  as  the  eye 
and  kidney.  It  is  a  bad  conductor,  and  thus  prevents  the 
lose  of  heat  by  the  oi^anism.  This  is  very  important  in 
some  warm-blooded  animals,  as  the  whale,  in  which  the  loss 
of  heat  would  ho  very  great  were  it  not  for  the  immensely 
thick  layer  of  fat  just  beneath  the  skin.  It  is  important  in 
filling  up  the  interstices  between  the  muscles,  bones,  ves- 

Fat,  like  sugar,  has  uudoubtedly  an  important  office  in 
conncctiou  with  the  general  processes  of  development  and  nu- 
trition. We  have  not  yet  an-ived  at  an  accurate  knowledge 
of  the  changes  which  it  undergoes  as  it  is  used  up  by  the 
economy ;  for  with  the  single  exception  of  butter  in  the  milk, 
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it  is  never  discharged  from  the  body  in  health.  TVe  havo 
abeady  alluded  to  the  view  that  the  sugars  and  fats  are 
respiratory  or  calorific  elements,  which  undergo  oxidation 
in  respiration,  and  are  immediately  concerned  in  the  produc- 
tion of  animal  heat.  One  of  the  arguments  in  favor  of  this 
function  of  fat  has  been  that  in  cold  climates,  where  there  is 
a  greater  demand  for  the  generation  of  heat  by  the  system, 
fat  is  a  more  common  and  more  abundant  article  of  diet 
This  is  undoubtedly  true,  but  other  principles  are  consumed 
in  greater  quantity,  and  the  general  process  of  nutrition,  of 
which  the  production  of  heat  is  but  a  single  phenomenon,  is 
intensified.  There  is  not  sufficient  ground  for  supposing  that 
fat  has  any  such  exclusive  function.  Its  office  is  connected 
with  the  general  process  of  nutrition ;  and  its  various  trans- 
fonnations  in  connection  with  this  function,  we  have  as  yet 
been  unable  to  follow. 

I'atti/  Acids  and  Soaps. — In  addition  to  the  fatty  sub- 
stances just  described,  the  following  fatty  acids,  free,  and 
united  with  bases  to  form  soaps,  have  been  found  in  the  blood : 

Oleic  Acid  (C„n„0,HO), 
Margaric  Acid  (C„II„0,HO) 
Ohate  of  Soda^ 
Margarate  of  Soda. 

Oleic  and  margaric  acids  have  been  detected  in  minute 
quantities  in  a  free  state  in  the  blood  and  bile.  Their 
function  is  unknown.  The  oleate  and  margarate  of  soda  are 
found  in  small  quantity  in  the  blood,  bile,  and  lymph.  They 
serve  to  hold  in  solution  the  small  quantity  of  the  fatty  acids 
and  fats  which  exists  in  these  fluids.  The  function  of  all 
these  substances  is  comparatively  unimportant.  In  the  blood 
of  the  ox,  Kobin  and  Verdeil  have  found  a  small  quantity  of 
stearic  acid  and  the  stcarate  of  soda. 

Odorous  Princij)les. — It  is  well  known  that  the  perspire 
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tiOQ  of  certain  parts,  as  the  axilla  and  sonietiineB  the  feet,  has 
a  distinct  odor.  This  is  supposed  to  be  doe  to  eombiBations 
of  volatile  fatty  acids  with  Boda  and  potasea.  Most  of  the 
inferior  ammals  have  a  distinctive  odor,  which  may  generally 
be  readily  recognized,  and  is  always  strongly  developed  in 
the  blood  by  the  addition  of  sulphuric  acid.  Barreol  gives 
the  fullowing  eoncIuBions  as  the  result  of  an  extended  series 
of  observations  on  this  subject : 

"1.  That  the  blood  of  every  species  of  animal  contains 
a  principle  peeoliar  to  each  one.  2.  This  principle,  which 
13  very  volatile,  Las  an  odor  like  that  of  the  perspiration. 

3.  The  volatile  pruiciplo  is  in  a  state  of  combination  in  the 
bloo<),  and  while  this  combination  exists  it  is  not  apj)reciable. 

4.  When  this  combination  is  destroyed,  the  principle  of  the 
blood  becomes  volatile,  and  from  that  time  it  is  not  only 
possible,  but  very  easy  to  recognize  the  animal  to  which  it 
belongs.  5.  In  each  species  of  animal  the  odorous  principle 
is  manifested  with  greater  intensity  in  the  male  than  in  the 
female.  6.  The  combination  of  this  odorous  principle  is  in 
a  state  of  solution  in  the  blood  which  permits  it  to  be  devel- 
oped either  in  the  blood  entire,  in  the  defibrinatcd  blood,  or 
ID  the  serum.  7.  Of  alt  the  means  employed  for  setting  free 
the  odorous  principle  of  the  blood,  concentrated  sulphuric 
acid  is  that  which  succeeds  the  beet.  It  suffices  to  add  one- 
ihird  or  one-half  of  the  volume  of  blood  employed,  and  a  few 
drops  of  blood  is  sufficient,"  ' 

Il,aclic  Acid — Pneumio  Acid — Pneumate  of  Soda. 

Lactic  acid  may  be  formed  by  what  is  called  the  lactic  acid 
fermentation  of  sugars,  particularly  sugar  of  milk.  This  kind 
of  action  is  induced  by  the  presence  of  certain  organic  fer- 
ments, or  by  organic  nitrogenized  matter  in  process  of  de- 
composition.    This  principle  does  not  exist,  as  was  at  one 
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time  supposed,  in  fresh  milk,  but  only  after  it  has  become 
sour.  Its  composition  (0.11^0^  +  HO)  assimilates  it  to  the 
sugars,  and  indicates  how  it  may  be  formed  theoretically  from 
them  by  transposition  of  their  atoms ;  milk  sugar  having  for 
its  composition  C„Hj,0,„  which  is  also  the  formula  for  an* 
hydrous  glucose. 

It  is  a  constant  constituent  of  the  gastric  juice,  and  is 
indispensable  to  the  digestive  properties  of  this  secretion. 

Lactic  acid  has  been  demonstrated  by  Liebig  in  the 
juice  of  muscular  tissue.* 

Smrces  and  FmuAim.-This  principle  may  be  formed,  in 
minute  quantity,  in  the  intestines,  from  the  saccharine  and 
amylaceous  articles  of  food ;  but  it  is  in  greatest  part  pro- 
duced in  the  economy  as  an  element  of  secretion.  It  is 
thought  that  a  great  portion  of  the  sugar  which  passes  in  the 
blood  from  the  liver  to  the  lungs  is  converted  into  lactic  add. 
K  this  be  the  case,  it  unites  with  bases  and  is  almost  imme- 
diately decomposed  and  lost.  Lactates  in  the  blood  are  very 
readily  converted  into  carbonates,  as  has  been  shown  by  the 
experiments  of  Lehmann,'  who  took  into  the  stomach  half  an 
ounce  of  dry  lactate  of  soda,  and  in  thirteen  minutes  his 
urine  had  an  alkaline  reaction  from  the  presence  of  carbon- 
ates. Alkalinity  of  the  urine  from  this  cause  is  often  pro- 
duced by  the  ingestion  of  combinations  of  the  vegetable  acids 
in  fruits,  etc. 

The  most  marked  function  of  lactic  acid  is  in  the  gastiic 
juice,  and  will  be  considered  under  the  head  of  digestion. 

Jt^neumic  Acid  and  Pneumate  of  Soda. — ^Pneumic  acid 
was  discovered  and  extracted  from  the  tissue  of  the  lungs  by 
Verdeil  in  1851.*  Its  ultimate  composition  is  not  given. 
According  to  this  author,  it  exists  in  the  lungs  of  the  mam- 

*  Lehiunn,  Physiological  Chemistry^  Philadelphia,  1865,  toL  L,  p.  90. 

« Ibid,  p.  97. 

'  RoBiv  and  YzniaiL,  op,  city  tome  iL,  p.  466. 
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mnlia  at  all  periods  of  life.  He  extracted  about  tliree-fourtlifl 
of  a  grain  from  the  perfectly  healthy  Inn^  of  a  female  who 
was  gaillotined.     It  has  not  been  found  in  other  eituations 

Its  function  is  connected  v.-ith  respiration.  Tho  carbon- 
ates an<I  bicitrbonates  of  the  blood,  in  passing  through  the 
longs,  are  in  part  decomposed  by  pneumio  acid,  a  certain 
portion  of  the  carbonic  acid  in  the  expired  air  being  evolved 
iu  this  way, 

pRsumale  of  Soda  is  prodnced  by  the  action  of  pnenmio 
acid  upon  tlie  carbonates  of  soda  in  the  blood,  and  is  foond 
in  the  blood  which  passes  through  the  lungs.  It  is  not  die- 
charge<l  from  the  body,  undergoing  in  the  system  some 
transforaiation  with  which  we  are  unacquainted. 

OKQANIC  NTTEOGEKIZED   PRISCIPLEa. 

Principles  of  this  class  differ  essentially  from  all  the  other 
constituents  of  the  body.  They  are  the  only  elements  en- 
dowed with  what  are  called  vital  properties,  and  npon  them 
depend  all  the  phenomena  which  characterino  living  stnic- 
tarex.     This  important  fact  cannot  be  too  fully  insisted  upon. 

All  the  vital  phaiomena  which  taJ:^  place  in  the  tody 
depend prtmarily  vpon  organic  nttroffenisedpnMiph'S,  which 
are  the  ordy  flemenia  m  the  organism  endowed  with  life. 

By  a  tl^ue  or  fluid  eudowetl  with  life  is  meant : 

A  oomhiruUion  of  proximate  jmnctples  which  hasiheprop- 
«rfy,VTider  certain  amditiotM.of  appropriating  matmalgfor 
itt  nmijishment  and  regenfrating  itwlf  to  repair  the  continual 
destruction  or  wagfe  to  ichicA  aU  living  bodies  are  aithjeot-. 

This,  which  is  the  great  process  of  Ncxitrnos,  is  going 
OB  from  the  beginning  to  the  end  of  life;  its  phenomena 
are  distinct  from  those  which  take  place  in  inert  com- 
ponnde,  and  are  called  vital.  Take,  for  example,  the  nutri- 
tive processes  which  take  place  in  the  muscles  or  the  bones. 
In  corainon  with  all  parts  of  the  body,  these  tissues  are 
continnally  undergoing  waste.     The  circumstances    under 
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wliicli  tliey  can  SQpply  this  waste,  or  regenerate  themselTis  hv 
the  appropriation  of  suitable  materials,  involve  contact  with 
the  circulating  blood.  They  take  materials  from  this  fluid  and 
change  them  into  their  own  substance.  This  process  takes 
place  only  in  living  bodies,  and  is  unknown  in  the  inorganic 
kingdom.  As  it  ia  the  great  characteristic  of  life,  its  accom- 
plishment being  Uie  end  and  object  of  all  the  funclione  of 
the  organism,  the  stndy  of  these  organic  principles  is  mani- 
festly of  the  gi'eatest  importance.  We  shall  find  thut  their 
properties  are  pecnliar  to  themselves,  and  their  chemical  study 
must  necessarily  be  eminently  jthysioloffical.  To  arrive  at 
any  definite  idea  of  their  properties,  the  methods  of  stady 
which  have  been  generally  employed  by  chemists  must  be 
discai-ded,  as  by  tliese  they  are  reduced  to  inorganic  elfr 
incuts,  and  treated  simply  as  combinations  of  inert  sub- 
stances. They  must  be  studied  as  nearly  as  possible  in  the 
condition  in  which  they  exist  in  the  body ;  whicli  is  Qeces- 
sarily  the  condition  in  which  they  are  capable  of  manifesting 
their  characteristic  vital  phenomena. 

These  principles  are  found  in  all  the  fluids,  semi-solids, 
and  solids  of  the  body,  except  the  excrementitious  fluids.' 
The  nutritive  fluids  contain  several.  la  each  tissue  an  or- 
l^auic  principle  is  found  which  presents  certain  peculiarities 
more  or  less  distinctive.  They  are  all  formed  in  the  or^ 
ganism,  and,  with  the  exception  of  the  milii,  a  little  mucus, 
desquamated  epidermis  and  epithelium,  and  an  almost  inap- 
preciable fjuantity  exhaled  by  tlie  lungs  and  skin,  are  never 
discharged  nnchanged  from  the  body,  in  health.  They 
assume  the  consistence  of  the  part  in  which  they  are  found; 
being,  therefore,  fluid,  semi-solid,  and  solid.  They  constitute 
by  far  the  greater  part  of  the  oi^anism ;  but  their  qaanti^ 
in  the  whole  body  has  never  been  accurately  estimated. 
Their  reaction  is  neutral.  As  a  peculiaiity  of  chemical  coni- 
[HMitioa,  they  all  contain  nitrogen;  whence  they  are  called 

'  The  Mcrementitious  fluids  coDUin  coloring  matlfn,  whicb  Rotiin  incl  VcnJral 
put  Id  llils  clua,  but  vhicb  do  not  seum  to  bii  codoired  wUb  v)u]  projwrllM, 
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the  most  important  and  cortftinly  the  most  carefully  etudied 
of  their  number,  namely,  albnraen ;  whence  they  are  some- 
times called  AlbuTTiinoith,  They  were  regarded  by  Mulder 
as  comfM>nit(l6  of  a  tJieoretical  radical  or  base  whicli  be 
called  ProUine,  and  after  this  chemist  are  sometimes  called 
ProU;tfui  comjKttiTidg. 

Composition  and  Properties. — 1.  Stndied,  as  they  gener- 
ally have  been,  from  a  purely  chemical  point  of  view,  they 
are  regarded  by  many  as  solid  substances  in  solution  in  the 
fluids,  in  a  condition  approximating  to  this  in  the  Benii-^olids, 
and  of  course  as  solid  in  the  solids,  like  the  bones  and  teetli. 
Tliis  view  is  erroneous,  as  wo  shall  see  tliat  some  are  natu- 
rally fluid,  some  are  semi-solid,  and  some  are  solid.  In  this 
condition  they  have  been  found  to  consist  of  Carbon,  Hydro- 
gen, Oxygen,  Nitrogen,  with  sometimes  a  little  Sulphur  and 
Phosphorus.  The  coloring  matters  contain  in  addition  a 
small  proportion  of  Iron.  By  ultimnte  analysis  they  have  been 
found  to  be  of  imjfjiniti;  c/iemlcal  com'po»ltion,'  which,  indeed, 
we  would  be  led  to  expect  trom  the  state  of  continual  change 
in  which  they  exist  in  the  body.  By  the  method  em- 
ployed in  arriving  at  their  ultimate  coTuposition,  even  before 
analysis,  they  are  completely  destroyed  as  organic  principles 
by  defecation,  and  rendered  incapable  of  exhibiting  any  of 
their  characteristic  properties.  The  composition  of  their 
diy  residue  only  is  thus  given,  while  in  reality  they  all  con- 
tain more  or  lees  water,  which  enters  into  their  composition, 
and  deprived  of  which  they  cannot  be  called  organic  Buh- 
stances.  The  proportion  of  water  is  to  some  extent  variable, 
hut  confined  within  tolerably  narrow  limits.' 

2.  The  organic  principles  never  exist  alone,  but  always  In 

'  RoBix  and  Ysmmt,  op.  eil.,  lomo  iii.,  p.  147. 

*  FoTBrurlhertUfcussionof  lhi9  important  subject,  Ke  an  irticlc  btthenntbor 
m  tlw  Ainn-iran  Jowjiai  of  tfiM  MtdUal  Seimca,  October,  ISeS,  On  the  Organic 
Jlitro'j*niird  Prindplrt  0/  tt(  Sodi/,  leilh  a  Kea  MitAad  far  thrir  EtHmatien  in 
(h>  Stood. 
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combination  with  inoi^anic  substances.  wLicIi,  though  per- 
bapa  not  absolately  necessary  to  the  i»ropertiGS  by  which  they 
are  recognized  out  of  the  l>odj,  are  essential  in  the  perform- 
ance of  their  vital  fimctions  in  the  economy.  Under  these  cir- 
cumstances tlie  organic  and  inorganic  principles  are  bo  closely 
nnitetl,  that  the  latter  may  be  eaid  to  acquire,  by  virtue  of 
this  nniou,  rital  properties.  Tliough  unaltered,  the  inorganic 
are  discharged  with  the  wom-ont  organic  subetancea,  and, 
combincl  irith  fresh  organic  matter,  are  deposited  in  the 
tiEsues  in  the  process  of  regeneration. 

3.  The  organic  principles  which  are  natnrally  flnid  may 
be  coagulated,  but  under  no  circnmstanees  do  they  agfiume  a 
definite  or  c-rj-stalline  form.  We  should  be  led  to  expect  this 
from  the  fact  that  they  have  no  absolutely  fixed  comp(»ition. 
When  the  lic^uids  of  tliis  class  are  thus  solidified,  they  are 
not  precipitated  trom  a  solution,  but  are  made  to  asenroe 
a  new  form,  still  retaining  their  water  of  composition. 
When  exposed  to  evaporation,  whether  they  be  fluid  or  serai- 
solid,  their  water  may  be  driven  off,  and  they  are  said  to  bo 
deaiccatetf.  They  can  be  made  to  aasume  their  water  of 
composition  again  by  simple  contact,  as  they  have  in  a  high 
degree  the  property  of  Ayffrometricify.  Both  these  properties 
are  peculiar  to  organic  substances. 

4.  When  exposed  to  a  very  elevated  temperature,  that 
which  has  been  considered,  by  chemists  as  the  organic  sab- 
stance  proper  is  volatilized  and  driven  off,  leaving  the  inor^ 
ganic  substances,  which  always  enter  into  its  composition. 

6.  In  their  natural  condition,  the  oi^anic  principles  hava 
no  very  distinct  odor ;  bat  when  exposed  for  some  time  to  a 
moderate  heat,  certain  odorous  or  empyreumatic  substances 
are  produced.  This  change  is  peculiar  to  organic  matters, 
and  takes  place  in  the  process  of  cooking.  When  these  ele- 
ments are  n*ed  as  food,  this  process  senes  a  nscful  pnrpoee, 
rendering  tliem  more  agreeable  to  the  taste,  and  facilitating 
their  digestion. 

6.  One  of  the  great  distinctive  properties  of  organic  prin- 
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cities,  ont  of  the  body,  is  putrefaction.  In  contact  uitU 
the  air.  at  a  moderate  temperature,  they  undergo  deoorapo- 
Gition  into  c^rhonlc,  lactic,  and  butyric  acids,  and  aminouia. 
When  this  change  has  once  commenced,  it  has  been  found 
by  Wurtz  to  continue  in  a  vacuum."  I?ntrefaction  ib  a 
process  peculiar  to  organic  gnb^tanees.  By  it  they  are 
tTRUsfonned  into  sabstaneea  which  are  used  in  tlie  nntrition 
of  vegetables  ;  and  as  regetftblea  are  eventually  consumed  by 
aniniak,  the  animal  matter  is  not  lost,  but  returuB  again 
throngli  this  channel,  eo  that  the  two  kingdoms  are  continu- 
ally interchanging  elements.  Organic  matters  in  pntrefac- 
tion  are  capable  of  setting  np  the  same  process  in  other 
articles  of  this  class  by  simple  contact,  neither  gi^^ng  up  nor 
taking  away  any  chemical  elements.  They  are  then  called 
ftrmfntt,  and  this  action  is  said  to  be  catalytic.  As  before 
remarked,  this  constitutes  one  of  the  most  important  charac- 
teristics of  organic  matters;  one,  indeed,  which  enables  ns 
to  recognize  them  when  they  exist  in  quantities  too  minute  for 
diemical  analysis,  as  in  e.\halutions  from  the  pnlmomiry  and 
cntancons  surfaces. 

Prol^iiu. — In  183S,  just  after  the  promnlgatiou  of  the 
theory  of  vegetable  organic  radicals  by  Liebig  and  Dumas, 
ilnlder  attempted  to  show  that  the  organic  animal  substan- 
ces were  all  compounds  of  a  radical  which  lie  calleiJ  Prote- 
ine.  This  theory  was  pretty  generally  received,  and  gave  to 
organic  matters  the  name  of  Proteine  Compounds,  by  which 
they  are  soraetimos  known.  He  treated  albumen,  fibrin,  and 
caseine  with  alcohol  and  ether  to  remove  the  fata,  and  with 
hydrochloric  acid  to  remove  inorganic  salts ;  dissolved  them, 
thna  puri6ed,  in  a  solution  of  potash,  and  precipitated  with 
aoetic  acid  a  substance  said  to  possess  always  the  same  char- 
acters, which  he  called  proteine ;  and  which,  by  union  with  a 
certain  quantity  of  snlphnr  and  phosphorus,  waa  capable 
of  fonuing  fibrin,  albumen,  and  caseine.     But  the  analyses 

'  CUrA  b*  RoBi!i  and  Vekdeil,  op.  cit.,  tome  ut,  p.  U!:. 
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of  different  chemists  have  sliown  that  proteine  itself  liaa  an 
indefinite  chemical  composition,  hardly  any  two  formulfs  , 
being  the  same.  It  is  essentially  an  artificial  product ;  and  I 
with  the  views  we  have  taken  of  the  eomposition  of  orgauio  I 
snbstanees,  tliere  ia  not  tlie  slightest  reason  to  suppose  tluit  I 
it  plays  the  part  of  a  base  or  radical  for  a  group  of  definite  I 
comijonnds.  It  is  not  a  distinct  chemical  substance,  for  J 
its  compoBition  is  indefinite ;  nor  a  proximate  principle,  for  it  J 
is  produced  artificially  and  by  decomposition.  We  musfe  I 
therefore  reject  the  theory  that  it  serves  as  the  radical  of  ft  I 
definite  series,  and  discard  the  name  of  Proteine  Compounds,  | 
as  applied  to  organic  priuciples. 


ilatalysis. — Catalysis,  or  catalytic  action,  is  a  name  given  J 
to  a  certain  process  which  we  do  not  as  yet  understand.  The  I 
^rord  was  introduced  by  Berzelius  in  1835,  and  applied  to  1 
certain  actions  or  affinities  brought  into  play  in  Jnoi^nio 
bodies  by  the  mere  presence  of  another  substance,  the  latter 
not  undergoing  any  chemical  alteration.  It  is  now  applied 
to  all  chemical  changes  which  are  induced  by  the  aitnpi^  J 
presence  of  any  substance,  like  the  particular  class  of  sab- 1 
stances  called  ferments,  in  which  the  substance  inducing  this  I 
action  undergoes  no  chemical  change.  Pcrmentation,  which  | 
was  considered  in  treating  of  sugar,  ia  an  example  of  catalysis ; 
the  sugar  being  decomposed  into  carbonic  acid  and  alcohol  iVom  I 
the  fact  of  the  mere  presence  of  yeast,  which  has  nothing  tal 
do,  cliemicaUy,  with  the  process.  Putrefaction,  which  wo  1 
have  just  considered,  is  an  example  of  catalysis;  for  a  small  1 
quantity  of  any  animal  substance  in  a  state  of  putrefaction  J 
is  capable,  }y  tfe^re«cnM,  of  setting  up  the  same  process  in  | 
other  principles  of  this  class.  Nutrition,  and  to  a  certain  es- 1 
tent  digestion,  are  examples  of  catalysis;  for  in  the  repair  J 
of  the  system,  certain  materials  are  taken  from  the  blood  by  I 
the  tissues,  and  by  the  latter  changed  into  different  sub*  J 
stances,  as  musculine  for  the  muscles,  osteine  for  the  bone^  J 
etc. ;  and  in  digestion,  the  oi^anic  elemeuts  which  are  dissolved  I 
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arc  ebaoged  by  the  presence  of  certBin  organic  substances  in 
tbe  digestive  fluids.  Any  procees  set  np  by  tbo  mere  presence 
of  sabetanccs,  whicli  themselves  nndergo  no  chemical  change, 
or  tiie  transformation  of  one  variety  of  organic  matter  into 
Auotber  from  the  mere  fact  of  contact,  is  called  catalysis. 

Tbe  general  properties  we  have  mentioned  are  posBeesed 
by  all  organic  principles ;  which,  indeed,  differ  from  each  other 
very  little  in  their  general  cliaracters,  and  even  in  ultimate 
composition.  Those  which  go  to  form  the  tissues  are  endowed 
with  identical  vital  properties,  Kobin  and  Verdeil  give  seven- 
teen distinct  substances  belonging  to  this  class,  of  which  four 
are  coloring  matters.'  But  three  of  these  principles  have  been 
carefully  etudiod  with  reference  to  their  ultimate  composition ; 
but  tbeir  composition,  which  is  indefinite,  and  not  necessary 
to  their  vital  properties,  is  of  little  physiological  interest. 
The  number  of  equivalents  of  the  various  ultimate  elements 
is  entirely  arbitrary,  as  theee  principles  enter  into  no  definite 
combination^ 

TiMe  of  Organic  Principles, 

Sami,  H'Swa  FoviuL 

Filfrin  CCw,H«,0„S„S,) .Bloud,  Qijle,  Ljmph. 

„    „  „  „  I  Blood,  Chyle,  Ljmph, 

Aft.™  (C.,.H,„0.K.8., j  s^lW^k 

»     jUbuminose. Chjinc,  Blood, 

^'  Ci«ine{C„a„0^^) MUk. 

Uuoodue Murus. 

FancmliDB.,., PaQcrcatilc  Juioe. 

F«pein Gastric  Juioe. 

J  fGlobuline Blood  Globules. 

3     Uuacatiite Huedes. 

g     OsU'be. Bone 

-s  ■  Cartilagfiie. Qutilage. 

%     EUiUdne. EUsUoTlsMe. 

a     Kcmtioe VaSa,  Uur,  Ei^dennii. 

m  t.  Crystalline CrjstalUoe  Lou. 

'  TbcM  anthon  do  not  consider  tliit  peps'm  his  been  full;  cfitablisbed  u  h 
aktinct  praxinuU  principle.  lu  tUatincUrc  properlica  seem  to  be  BuScientl]> 
mJl  Durked,  tad  it  hoi  therefore  been  iocludcd  in  the  list. 
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Ifame,  Wlurt  Found, 


to 


6  "^ 


1 


Coloring  Matter  of  Blood. 
AU  contain  IronJ       "  "      ^F^ 


Bbsm&tine  •  •  •  • 

MdaniDe 

BUiverdine. [  |       "  "      BUe. 

^UiToeacine ,\  I      "  "       Urine. 


Fibrin. 

Fibrin  is  found  in  the  blood,  lymph,  and  chyle.  In 
the  first-named  fluid  it  exists  m  considerable  quantity,  but 
in  the  last  two  it  is  much  less  abundant  Its  quantity  has 
been  estimated  by  chemists  in  all  the  above-mentioned  fluids, 
but  the  analyses  which  are  generally  given  I'epresent  dried 
fibrin,  and  give  us  no  definite  idea  of  its  quantity  in  the  form 
in  which  it  naturally  exists.  The  quantity  of  fibrin  in  the 
blood,  estimated  by  the  author  by  a  process  in  which  it  is 
not  exposed  to  desiccation,  is  between  8  and  9  parts  per 
1000.*  Tliis  proportion  is  undoubtedly  quite  variable  within 
the  limits  of  health.  According  to  Becquerel  and  Eodier,'  its 
quantity  is  considerably  increased  during  gestation,  and  is 
greater  in  adults  than  in  very  young  or  very  old  persons. 
As  a  general  rule,  it  is  more  abundant  in  arterial  than  in 
venous  blood,  and  is  often  entirely  absent  from  the  blood  of  the 
hepatic  and  renal  veins.  Ko  constant  difference  in  quantity 
has  been  established  in  the  sexes,  and  its  proportion  appears 
to  bear  no  definite  relation  to  the  vigor  of  the  individual. 

It  appears  in  the  blood  at  about  the  fifteenth  day  of  intra- 
uterine life,  and  exists  constantly  from  that  time. 

The  composition  of  fibrin  is  given  in  the  table.  It  con- 
tains carbon,  hydrogen,  oxygen,  nitrogen,  and  a  little  sul])hur. 
The  proportion  of  these  substances,  however,  is  indefinite, 
and  the  formula,  like  that  of  all  the  principles  of  this  class, 
is  entirely  arbitrary,  as  it  enters  into  no  definite  combina- 
tions, and  consequently  has  no  combining  equivalent.  Its 
ultimate  composition  is  comparatively  imimportant,  for  it 

*  Sec  article  in  Am.  Jour.,  loc.  cit,  Tliough  the  ordinary  methods  of  analyaia 
do  not  give  the  real  quantities  of  fibrin,  they  give  important  results  with  regard  tc 
the  comparative  quantities  in  difierent  situations. 

'  Becquerel  and  Rodier,  TraiU  de  Chimie  Paihologiqut^  p.  101  et  icg. 


OEGANIC   PEENCIPLEB,  77 

^ves  OS  no  indiuadoii  of  tbe  properties  hy  wLicli  it  is  recog- 
niiied,  nor  of  its  functions;  and,  iodeed,  has  been  found  to 
diffi>r  little,  if  at  idl,  from  the  composition  of  niUBcnline  or 
albumen,  tbe  properties  of  which  are  very  different. 

Fibrin  may  be  easily  extracted  from  tiie  fluids  in  which 
it  exists.  Perhaps  the  best  mode  of  procedure  is  to  whip 
tbe  fluid,  freshly  drawn,  with  a  bundle  of  twif^  or  broom 
com.  Ill  this  vr&j  the  fibrin  may  be  qnieklj  and  completely 
Bcpamted.  It  is  then  treed  from  foreign  matters,  such  an 
blood-corpuHcles,  by  washing  under  s  stream  of  water,  at  the 
same  time  kneading  with  tlie  fingers. 

Fibrin  is  not,  as  is  supposed  by  many,  a  solid  substance 
in  solution  in  tlie  liquids  in  which  it  is  found.  li  is  naturally 
liquid  and  mingled  witli  the  watery  elements.  After  coagu- 
lation it  contains  a  certain  proportion  of  water,  capable,  it  ia 
true,  of  being  driven  oil"  by  evaporation,  but  nevertheless 
water  of  composition,  deprived  of  which  it  loses  the  prop- 
ertiw  by  which  we  recognize  it  as  fibrin. 


Properties  of  Fil/rin. — The  Btriking  peculiarity  by  which 
fibrin  is  recognized  is  its  spontaneous  coagulability.  All  the 
fluids  in  which  it  is  contained,  when  drawn  from  the  body  or 
placed  under  abnormal  conditions,  become  more  or  lesa 
coagulated,  and  their  coagnhiting  principle  is  called  fibrin. 
It  ii  this  substance,  therefore,  which  gives  to  the  l>Iood  its 
j)ecnliar  and  important  property  of  coagulability.  The  con- 
dirioQ  under  which  fibrin  coagulates  seems  to  be  that  of  stasis. 
Whenever  it  is  drawn  from  the  body,  or  in  the  vessels,  when 
drculation  becomes  arrested,  it  assumes,  after  a  variable  time, 
a  semi-solid  consistence.  The  cause  of  tliis  remarkable  phe- 
nomenon was  obscure  until  the  casg^  of  lUchardson  ou  the 
"  Cause  of  tbe  Coagulation  of  the  Blood"  api>eared  iu  1S56. 
By  a  series  of  carefully  conducted  experiments,  this  ctbserver 
demonstrated  that  the  blood  contains  a  sraall  quantity  of  free 
ammonia,  whidi  lias  the  power  of  m.iiiitaining  the  fibrin  in  its 
liquid  condition.     This  ammonia  is  being  continually  devcl- 
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oped  in  tlie  system,  is  taken  up  by  the  circulating  blood  and 
esljaled  by  the  lungs.  When  the  circulation  ie  arrested  in  any 
l>art,  of  course  the  blood  takes  up  no  more  ammonia;  «iid  as 
that  which  it  contained  is  gi-adnally  exhaled  throngli  the 
tissues,  arrest  of  the  circulation  in  any  part  for  a  certain  time 
is  followed  by  coagulation  of  the  fibrin.  When  blood  is 
drawn  iroin  the  vessels,  the  exhalation  of  ammonia  is  rapid,  i 
and  i:oagulation  takes  place  very  readily.  Some  other  chem- 
ical substances,  snch  as  the  carbonate  of  soda,  have  the  ' 
power  of  maintaining  the  fluidity  of  the  fibrin. 

Fibrin  docs  not  coagulate  into  a  homogeneous  mass,  bat 
forma  minute  microscopic  filaments,  or  fibrils,  which  after- 
wards contract  for  ten  or  twelve  liours,  ao  that  t!je  clot  at 
the  end  of  that  time  is  much  smaller  than  immediately  atler 
coagulation,  , 

"We  recognize  only  as  fibrin  that  liqmd  organic  principle   ' 
which  coagulates  whenever  removed  fi-om  its  natural  con- 
dition.    By  coagulation  its  form  only  is  changed,  not  its 
weight,  and  we  must  consider,  therefore,  the  water  which  i& 
contained  in  the  coagulated  mass  as  water  of  composition. 

Pure  coagulated  fibrin  is  a  grayish-white  substance,  com- 
posed of  microscopic  fibrils,  and  possessing  considerable 
strength  and  elasticity.  It  is  insoluble  in  water  aud  in  the 
serum  of  the  blood,  but  dissolves  slowly  in  solutions  of  caustic 
alkalis.  It  swells,  assumes  a  jelly-like  consistence,  aud  is 
finally  partially  dissolved  in  a  very  feeble  mixture  of  hydro- 
chloric acid  aud  water.  Like  all  principles  of  this  class,  it 
decomposes  at  a  moderate  temperattu^  in  contact  with  the 
air  and  moistore. 


Organisation  of  Fibnn. — The  question  of  the  organiza- 
tion of  accidentally  efi^used  and  coagulated  fibrin  has  occupied 
the  attention  of  pathologists  a  great  deal,  and  some  are  of 
opinion  that  it  is  capable  of  becoming  part  of  the  ot^anized 
living  structure.  This  supposition  had  its  origin  in  an 
assumed  identity  between  fibrin  and  reparative  lymph,  or, 
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asit  is  sometimes  called,  coagnlable  Ijiropli,  which  rejmirs  losses 
of  tissue.  As  the  process  ol'  repair  of  parts  after  deBtmction 
mmt  1)6  foneidered  as  nnalogoiis  to,  tmd  almost  identical  with, 
oixiinnry  nutrition,  the  above  qoeatiou,  which  is  bo  important 
in  pathology,  is  one  of  great  phj^iological  interest. 

The  conditions  under  which  the  organization  of  fibrin  has 
been  as»nmed  to  hare  taken  place,  are  in  clots  remaining 
after  vnscnlar  extravasations,  and  fibrinous  exudations  upon 
iuflaiiieil  surfaces.  The  most  important  information  is  to  be 
derived  frora  a  study  of  Uie  anatomical  characters  of  such 
cflasions.  By  the  micToscope,  and  all  means  of  investigation 
which  are  nt  our  comniandj  it  is  impossible  to  disdognish  in 
these  elliisions  any  thing  but  fibrin.  There  are  no  blood- 
vessels, nerves,  nor  any  anatomical  elements  which  would 
lead  US  to  suppose  them  capable  of  self-regeneration,  that 
distinctive  property  of  all  oi^nized  tiasaea;  and,  in  addi- 
tion, these  are  never  developed.  The  changes  which  these 
effouons  undergo  arc  retrograde  in  their  character;  and  the 
fibrin,  if  it  be  not  absorbed,  remains  as  a  foreign  substance. 
The  fibriilationwhich  takes  place  is  by  no  means  an  evidence 
of  even  commencing  organization ;  for  in  eH'ueions  into  the 
tissQee  it  soon  disapjicars,  and  if  the  effusion  be  not  too  lai^e, 
the  mas^  breaks  down  and  is  finally  absorbed.  "When,  on 
the  other  hand,  effusion  of  organizable  lymph  takes  place, 
the  process  is  very  different.  It  is  elaborated,  indeed,  rather 
than  efiiiscd;  first  appearing  as  a  homogeneous  fluid,  in 
which  fibro-plaetic  nuclei,  then  fibres,  are  developed,  and  in 
eome  instunces  blood-vessels,  lymphatics,  and  nerves.  Ac- 
cording to  Robin,  plastic  lymph  does  not  even  contain  fibrin;' 
mnch  les-.  are  the  two  identical.  The  process  of  organization 
is  slow  and  gradual,  and  in  no  case  does  it  take  place  from 
the  blood,  or  elements  of  the  blood,  suddenly  or  accidentally 
effneed. 

There   can  be  no   doubt  that  effused   and  coagulated 
*  JHctio'inaire  dt  TSign.f,  par  Rosin  rt  Lirmi,  Tans,  ]  8BB.     "  Lym/Ji  Flit- 
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fibrin  IS  incapable  of  organization ;  and  it  may  be  further 
stated  as  a  general  law  that  no  single  proxinuite  principle^ 
nor  mere  mechaniml  mixture  of  proximate  principleSj  effused 
into  any  part  of  the  hody^  ever  acta  in  cmy  other  way  than  as 
a  foreign  svhstance. 

In  certain  instances  of  morbid  action,  effusions  take  place, 
either  on  the  surfaces  of  membranes,  or  between  two  opposing 
surfaces,  attaching  them  to  each  other  by  bridles  or  adhe- 
sions, which  actually  become  organized.  This  occurs  most 
frequently  in  serous  membranes,  and  the  structure  thus 
formed  is  entirely  different  from  coagulated  fibrin,  which  has 
no  connection  with  the  parts,  except  that  of  contiguity.  Both 
of  these  formations  have  been  included  in  the  term,  false 
membranes ;  but  Robin  makes  a  very  proper  distinction  be- 
tween them,  calling  the  one,  which  is  merely  coagulated 
fibrin,  like  the  membrane  of  croup,  false  membranes^  or 
pseudo-membranes  /  and  the  others  membranes  of  new  format 
tion^  or  neo-membranes.  The  former  consist  simply  of  the 
fibrin,  which  nature  has  been  unable  to  remove  by  absorption ; 
and  the  latter,  of  regularly  elaborated  anatomical  elements, 
endowed  with  the  properties  of  self-regeneration  common 
to  all  organized  structures. 

Origin  and  Function  of  Fibrin, — The  fibrin  of  the  blood 
has  its  direct  origin,  in  part  at  least,  from  the  albumen,  by 
the  catalytic  transformation  which  so  often  takes  place  in 
principles  of  this  class.  It  has  been  noticed  that  when  fibrin 
is  increased  in  the  blood,  albumen  is  diminished.  In  some 
experiments  presented  to  the  Society  of  Biology  of  Paris  by 
Dr.  Brown-Sequard,  it  was  shown  that  defibrinated  blood 
injected  into  the  arteries  of  a  criminal  just  after  death,  on 
being  retunied  by  the  veins,  coagulated,  and  presented  a 
notable  quantity  of  fibrin.*  The  remote  origin  of  fibrin  is 
from  the  organic  nitrogenized  elements  of  food ;  which,  after 
having  undergone  the  catalytic  changes  incident  to  digestion, 

*  Rodin  and  Yerdeil,  op.  cit,  tome  iiL,  p.  269. 
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Iftbeorbed  iind  trniiBtbrnied  into  albumen.  As  iilbumtrn 
tte  IjTijpb  and  chyle,  it  is  probable  tbat  in  these 
Quids  fibrin  is  produced  in  the  same  way  as  in  the  blood. 

A  very  important  office  of  tibrin  is  to  gi^'e  coagula- 
bilit/  to  the  blood.  This  will  be  taken  up  more  fully  here- 
after. At  present  we  need  only  say  that  by  virtue  of  this 
propealy  spontaneous  arrest  of  hi-morrbago  after  division  or 
ruptare  of  smaU  vessels  ie  effected.  In  its  natural  liquid 
condition,  in  intimate  union  with  albumen  and  certain  inor- 
ganic matters  whicb  cannot  be  6e])arated  from  it  without 
iucineration,  fibrin  constitutes  one  of  the  two  peculiar  organic 
principles  of  the  plasma  of  the  blood.  It  is  brought  in  con- 
tact with  the  tissues  in  the  capillary  vessels,  and  jirobahly 
takes  part  in  the  catalytic  clianges  which  constitute  nutrition, 
being  transformed  into  tho  peculiar  organic  element  of  each 
part.  In  tliis  way  it  disappears  forever  as  fibrin,  and  is  only 
discharged  from  the  body  after  the  tissue  has  undergone  the 
transformations  which  result  in  excrcnientitious  i)roducts. 

Simon,  Lebmann,  Bernard,  and  others  have  noticed  the 
i-eraarkable  fact  that  tho  blood  of  the  hepatic  aud  renal  veins 
generally  contains  no  fibrin.     The  liver  aud  kidneys  seem  to 

Kie  power  of  destroj-ing  this  principle.     Its  trausfor- 
1  in  tbefie  organs  we  have  not  been  able  to  follow. 
ui 
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bumen  is  found  in  the  blood,  lymph,  chyle,  intermus- 
cular fluid,  secretions  of  serous  membranes,  aud  in  small 
qnantily  in  the  milk.  It  is  most  abundant  in  the  blood, 
constituting  the  most  important  organic  constituent  of  tho 
plasma.  Its  proportion  has  been  estimated  in  the  various 
situations  in  which  it  is  found,  but,  as  in  the  case  of  fibrin, 
this  has  been  done  after  complete  desiccation,  and  the  results 
thna  obtained  are  far  from  representing  the  real  quantities. 
In  some  analyses  designed  to  give  tiie  quantity  of  moist  albu- 
men in  the  blood,  we  have  found  a  proportion  in  a  healthy 
specimen  of  329'82  parte  per  1000.     The  proportion   will 
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undoubtedly  be  found  to  vary  considerably  within  the  limits 
of  health,  and,  as  a  rule,  it  bears  an  inverse  ratio  to  the  quan- 
tity of  fibrin.  No  constant  difference  in  the  quantity  of 
albumen  in  the  sexes  has  been  established.  The  quantity  is 
greater  in  the  well-nourished  and  vigorous,  than  in  anemic 
and  feeble  subjects. 

Albumen  is  found  in  the  organism  at  all  periods  of  life, 
existing  even  in  the  ovum. 

In  ultimate  composition  albumen  has  been  found  hy 
chemists  to  differ  very  little,  if  at  all,  from  fibrin.  Like  the 
other  principles  of  this  class,  the  proportions  of  its  ultimate 
elements  are  indefinite. 

Albumen  may  be  extracted  from  the  fluids  in  which  it  is 
contained  by  simple  coagulation.  The  most  convenient 
method  of  separating  it  is  to  add  to  the  liquid  a  quantity  of 
absolute  ftlcohol,  and  immediately  filter.  In  operating  upon 
the  serum,  we  have  found  that  about  twice  its  volume  of 
alcohol  will  coagulate  all  the  albumen.  It  mav  then  be 
collected  on  a  filter,  and  its  weight  will  i-epresent  the  propor- 
tion of  this  principle  in  its  natural  condition. 

Like  fibrin,  albumen  is  naturally  fluid,  and  in  this  con- 
dition— and  this  condition  only — ^forms  the  important  organic 
principle  of  the  fluids  in  which  it  is  contained. 

Properties  of  Albumen, — Liquid  albumen  has  certain 
properties  which  serve  to  distinguish  it  from  other  principles 
of  the  same  class.  In  a  neutral  mixture  it  is  coagulated  com- 
pletely  by  a  temperature  of  167°  Fahr.  The  same  result  fol- 
lows the  addition  of  the  strong  mineral  acids,  alcohol,  and  some 
of  the  metallic  salts.  It  is  distinguished  from  caseine  by 
the  fact  that  it  is  not  coagulated  by  the  vegetable  acids. 
Coagulated  albumen  is  a  grayish-white  substance,  always  com- 
bined with  inorganic  matter,  which  cannot  be  separated  with- 
out incineration,  insoluble  in  water,  but  soluble  in  a  weak  solu- 
tion of  a  caustic  alkali.  In  an  alkaline  solution  it  is  no  longer 
coagulable  by  heat.    Becqiierel  lias  found  that  albumen  has 
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the  property  of  deviating  the  plane  of  polarization  to  tlie 
left.  He  lias  employed  a  polarizing  apparatus  like  the  one 
used  by  Biot  in  the  examination  for  sugar,  for  the  purpose 
of  estimating  the  quantity  of  albumen  in  a  watery  mixture, 
and  found  that  ''each  minute  of  deviation  corresponds  to 
18  decigrammes  (29*77  grains)  of  dried  albumen  in  1,000 
cubic  centimetres  (1*76  pints)  of  water."  *  This  instrument  he 
calls  an  albuminimeter.  A  current  of  galvanism  passed 
tlirough  a  mixture  containing  albumen  produces  coagulation, 
which  has  been  attributed  to  a  decomposition  of  certain  salts 
which  are  combined  with  it  and  maintain  its  fluidity. 

Some  organic  principles  almost  identical  with  albumen 
in  chemical  reactions,  are  found  to  possess  very  diflferent 
vital  properties.  One  of  these  is  the  organic  principle  of 
the  gastric  juice,  which,  like  albumen,  is  coagulable  by 
heat,  alcohol,  and  -the  metallic  salts,  but  exerts  a  peculiar 
and  distinctive  action  in  the  digestion  of  certain  articles  of 
food. 

Tests  for  Albumen, — ^As  a  pathological  condition,  albu- 
men sometimes  exists  in  the  urine,  and  it  becomes  important 
clinically  to  be  able  to  determine  this  fact  by  the  application 
of  tests.  These  require  certain  precautions  for  their  suc- 
cessful application.  They  depend  upon  its  property  of 
coagulation. 

If  a  solution  containing  albumen  be  exposed  to  heat 
in  a  test  tube,  as  the  temperature  rises  a  slight  cloudiness 
or  opacity  in  the  upper  part  of  the  liquid  occurs,  which 
gradually  extends  through  the  whole  mass,  until,  at  a 
temperature  of  about  167°,  a  precipitate  more  or  less  abun- 
dant is  produced,  which  is  entirely  insoluble.  If  albumen  be 
very  abundant,  the  whole  mass  may  become  solidified,  and 
we  may  have  all  shades  between  this  and  the  slight  opacity 
produced  by  a  very  minute  quantity.    In  the  latter  case 

*  BxcQUEREL  and  Rodier,     Traite  de  Chimle  Pathologique^    Paris,  1831,  p.  53. 
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coagulation  is  not  complete  until  the  liquid  has  been  brought 
to  the  boiling  point.  It  must  be  remembered,  however,  that 
albumen  is  not  coagulated  by  heat  in  an  alkaline  solution. 
In  testing  the  urine  for  albumen  by  heat,  if  the  liquid  be 
alkaline  it  must  be  neutralized  with  a  little  acetic  acid ;  othe^ 
wise  there  will  be  no  coagulation,  even  if  albumen  be  present 
in  abundance.  There  may  also  arise  a  source  of  error  from 
the  precipitation  by  heat  of  an  excess  of  earthy  phosphates. 
This  precipitate  is  distinguished  i5rom  albumen  by  the  fact 
that  it  is  dissolved  by  a  few  drops  of  hydrochloric  acid,  while 
coagulated  albumen  is  not  changed.  Coagiilated  albumen 
in  urine  is  redissolved  by  the  addition  of  a  little  potash, 
which  has  no  effect  upon  an  opacity  produced  by  the 
phosphates. 

Another  test  is  the  addition  to  the  suspected  solution  of 
a  strong  mineral  acid ;  when,  if  albumen  be  present,  coagu- 
lation will  take  place.  There  is  only  one  source  of  error  in 
the  application  of  this  test  to  the  urine.  If  the  urates  be 
present  in  very  large  quantity,  we  may  have  a  deposit  of 
uric  acid,  giving  an  opacity  something  like  that  produced 
by  coagulated  albumen.  This  error  may  be  avoided  by 
adding  an  excess  of  nitric  acid,  which  will  clear  up  the  mix- 
ture if  the  deposit  be  due  to  the  presence  of  urates,  but  has 
no  effect  upon  albumen.  In  such  a  case,  also,  no  turbidity 
is  produced  by  heat.  When  uric  acid  is  deposited,  the 
turbidity  makes  its  appearance  more  slowly  than  when  albu- 
men is  present.  Various  acid  mixtures  have  been  proposed 
as  tests  for  albumen,  but  they  seem  to  possess  no  advan- 
tages over  nitric  acid,  which  is  the  one  most  generally  em- 
ployed. 

The  tests  by  heat  and  nitric  acid  are  sufficient  to  deter- 
mine tlie  presence  or  absence  of  albumen  in  any  clear 
fluid,  if  applied  with  the  precautions  above  indicated.  We 
may  employ,  however,  coagulation  by  alcohol,  or  the  albu- 
minimeter  of  Becquerel ;  but  the  latter,  like  the  saccharom- 
eter  of  Biot  and  Soleil,  is  little  used  on  account  of  the 
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expense  of  the  instrumeilt,  and  a  certain  dexterity  wliicli  is 
necessary  for  its  exact  application. 

Origin  and  Function  of  Albumen. — The  albumen  of  the 
blood  has  its  origin  from  a  catalytic  transformation  of  the 
products  of  digestion  of  the  albuminoid  elements  of  food. 
It  forms  the  great  organic  nutrient  element  of  the  blood.  As 
we  have  already  seen,  it  seems  to  be  used  in  the  formation 
of  the  fibrin.  In  nutrition,  it  undergoes  catalytic  transfor- 
mations which  result  in  the  peculiar  organic  principles  of  the 
various  tissues.  In  the  circulating  blood  there  seems  to  be 
a  union  of  the  fibrin  and  albumen  which  is  necessary  to  the 
nutritive  properties  of  the  latter.  Bernard  has  shown*  that 
the  albumen  of  white  of  egg  injected  into  the  veins  of  an 
animal  is  incapable  of  assimilation,  and  is  therefore  rejected 
by  the  kidneys.  The  same  result  follows  the  injection  of 
fresh  serum,  even  from  an  animal  of  the  same  species ;  but 
the  blood  itself,  containing  both  albumen  and  fibrin,  can  be 
injected  without  the  appearance  of  albumen  in  the  urine,  show- 
ing that  in  this  state  it  is  capable  of  being  used  in  nutrition. 

In  the  passage  of  the  blood  through  tlie  liver,  it  has  been 
found  that  a  small  quantity  of  albumen  disappears ;  but,  as 
in  the  case  of  fibrin,  we  have  not  been  able  to  follow  its 
transformations.  With  the  exception  of  the  minute  quantity 
which  is  discharged  in  the  milk  during  lactation,  albumen  is 
never  discharged  from  the  body  in  health.  After  being 
appropriated  by  the  tissues  in  the  process  of  nutrition,  it 
undergoes  changes  in  the  wearing  out  of  the  system,  which 
convert  it  into  excrementitious  matter. 

Alhuminose. 

This  principle  is  intermediate  between  the  organic  nitro- 
genized  elements  of  food  and  the  albumen  of  the  blood.  It 
is  found  in  the  blood  in  very  small  quantity  after  digestion, 

^  Bernard,      Le^tmi  wr  lei  Proprietes  Physioiogiguei  d  les  Alterations  Pa^ 
(hciogiquet  den  Lltptidcs  de  VOrganUme^    Paris,  1859,  tome  L,  p.  467. 
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almost  immediately  undergoing  transformation  into  albu- 
men. It  is  also  contained  in  the  stomach  and  small  intestines 
during  digestion.  It  is  naturally  fluid,  like  albumen  and 
fibrin. 

In  its  behavior  to  reagents,  albuminose  presents  certain 
differences  from  albumen.  It  is  coagulated  by  alcohol  and 
many  metallic  salts,  but  is  not  coagulable  by  heat,  and  only 
imperfectly  by  nitric  acid.  It  is  coagulated  by  a  small  quan- 
tity of  acetic  acid,  but  the  coagulum  is  dissolved  in  an  excess 
of  this  agent,  the  latter  peculiarity  distinguishing  it  from 
caseine,  which  is  coagulated  by  acetic  acid  in  any  quantity. 
Mialhe  states  that  albuminose  is  more  endosmotic,  or  passes 
through  membranes  with  much  greater  facility  than  albumen, 
which  he  says  is  absolutely  non-endosmotic.  This  property 
favors  its  introduction  into  the  blood. 

Albuminose  has  its  origin  from  the  organic  nitrogenized 
elements  of  food,  which  are  not  only  liquefied  by  the  diges- 
tive fluids,  but  undergo  a  catalytic  transformation  into  this 
substance.  By  virtue  of  its  endosmotic  properties,  it  passes 
into  the  blood-vessels,  and  is  there  converted  into  albumen. 
Mialhe,  who  first  described  this  substance  under  the  name 
of  albuminose,  has  shown  that,  injected  into  the  veins  of  an 
animal,  it  becomes  assimilated,  and  does  not  pass  away  in 
the  urine.* 

Caseine. 

This  organic  principle  is  peculiar  to  the  milk,  and  there- 
fore exists  in  the  body  only  during  lactation.  Like  fibrin 
and  albumen,  it  is  naturally  fluid. 

Caseino  may  be  easily  extracted  by  the  following  process, 
which  is  recommended  by  Eobin  and  Verdeil.'  "  We  add 
to  the  milk  a  few  drops  of  acetic  acid,  whicli  precipitates  the 
caseine  accompanied  by  the  fats.     The  coagulum  separated 

*  MiALiiK,     Chhnie  Appliqute  d  la  Phi/sioh(/u\    Paris,  1850,  p.  126. 
'  Oj).  ttV.,  tome  iii.,  p.  341. 
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from  the  liquid,  then  washed,  is  rcdiseolred  ia  a  solution  of 
carlmnatc  of  soda;  this  solution  separates  &oiu  the  Iht  which 
floats  on  the  top,  and  can  he  completely  removed  at  the  end 
of  twelve  houre  of  repose.  The  liquid  thus  treed  from  f;it  is 
acidified  by  a.  few  drops  of  hydrochloric  acid,  and  tlie  cascine 
is  precipitated  perfectly  pnre."  Obtained  by  this  pi-ocess,  it 
is  perfectly  white,  and  insoluble  in  water,  resomblijig  pot 
cheeee. 

Coseine  has  certain  miirked  properties  by  which  it  is  di&- 
ttnguiahed  from  albomen.  It  ia  nut  coagulable  by  heat; 
is  coagulable  by  the  feeble  vegetable,  as  well  as  the  mineral 
acids,  and  by  rennet.  This  latter  substance  is  obtained  from 
the  fourth  stomach,  or  abomaaus,  of  sucking  ruminating  ani- 
mals, and  is  the  milk  almost  reduced  to  caselue,  niid  mixed 
with  the  gastric  fluids.  It  is  salted  and  dried,  and  in  this  con- 
dition used  in  making  cheese.  Added  to  the  milk  in  the  pro- 
portion of  fifteen  to  twenty  grains  to  a  quart,  it  produces  com- 
plete coagulation.  According  to  Eobin  and  Verticil,  caseiue 
ia  precipitated  by  the  metallic  salts,  with  which  it  forms  com- 
biniiUons  not  to  be  distinguished  trom  like  comhiuations  of 
albumen.'  It  is  a  cnrious  fact  that  casetne  is  sometimes 
cuagolatcd  almost  instantly  during  thunder  storms.  This 
phenomenon  we  cannot  fully  explain;  but  the  immediate 
cause  of  the  coagulation  is  the  transformation  of  some  of  the 
sngar  of  milk  into  lactic  acid.  Caseine  retains  its  fluidity 
in  tlic  milk  by  union  with  the  carbonate  of  soda ;  and  when 
coagulated  spontaneonsly,  it  may  l)e  restored  to  its  liquid 
condition  by  the  addition  of  this  salt,  which  does  not  render 
the  fluid  alkaline,  but  seems  to  enter  into  combination  with 
the  organic  substance. 

Caseine  has  its  origin  in  the  albumen  of  the  blood,  by  a 
catalytic  process  which  takes  place  in  the  mammary  glands. 
In  its  liquid  condition  it  constitutes  the  important  oi^anio 
dement  of  the  milk.    It  is  taken  into  the  stomach  of  the 
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infant,  converted  into  albuminose,  wliieli  it  resembles  very 
closely,  and  absorbed  by  the  blood,  where  it  is  converted  into 
fibrin  and  albumen,  and  contributes  to  the  nutrition  of  the 
system.  At  this  period  it  constitutes  almost  the  only  nitro- 
genized  element  of  food.  It  is  the  only  proximate  principle 
of  this  class,  with  the  exception  of  a  little  mucosine  and  the 
coloring  matter  of  the  urine  and  bile,  which  is  discharged 
from  tlie  body  in  health. 

Pancreatine. 

This  is  the  organic  principle  peculiar  to  the  pancreatic 
juice.  Bernard  was  the  first  to  describe  its  properties,  both 
chemical  and  physiological.*  Before  the  appearance  of  his 
admirable  monogragh  on  the  pancreas  it  was  confounded  with 
albumen;  but  we  shall  see  that  it  possesses  properties  by 
which  it  may  be  distinguished  as  readily  as  caseine. 

Pancreatine  exists  in  the  pancreatic  juice  in  large  quan- 
tity. It  is  naturally  fluid,  but  very  viscid.  It  is  coagulated 
by  heat,  the  strong  acids,  and  alcohol,  but  is  unaffect^  by 
the  feeble  vegetable  acids.  It  is  distinguished  from  albumen 
by  the  fact  that  it  is  completely  coagulated  by  an  excess  of 
sulphate  of  magnesia:  Its  distinctive  physiological  character 
is  its  powerful  digestive  action  upon  certain  elements  of  food, 
and  its  property  of  forming  an  instantaneous,  complete,  and 
very  fine  emulsion  with  liquid  fats. 

Pancreatine  has  its  origin  from  the  albumen  of  the  blood 
by  a  catalytic  change  which  takes  place  in  the  pancreas.  It 
gives  to  the  pancreatic  juice  its  digestive  properties. 

Pepsin. 

Pepsin  is  the  organic  principle  of  the  gastric  juice.  It 
is  hardly  to  be  distinguished  from  albumen,  except  by  its  phys- 
iological action  in  digestion.  The  principle  wliich  has  been 
extracted  by  various  processes  from  the  mucous  membrane 

*  Behnard,     Mimoire  sur  h  Fancriaa^  Pari?,  1 858. 
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of  tlie  stomacli,  particularly  after  commencing  putrefaction, 
cannot  be  r^arded  aa  pure  pepsin.  It  is  tmdoubteclly  neces- 
sary to  the  digestive  action  of  the  gastric  juice,  which  loses 
its  pliysiologieal  properties  when  this  substance  baa  been 
coagulated  by  heat  and  separated  by  filtration.  Its  propertiea 
will  be  more  fully  cousidered  under  the  head  of  digestion. 


2ft 


^5  is  the  organic  princi]tle  of  the  general  secretion 
;oaa  membranes,  presenting,  however,  some  difier- 
.....,™  jn  different  situationa.  In  its  general  properties  it 
closely  rasembles  albumen ;  indeed,  what  is  generally  taken 
DA  the  type  of  pure  albumen,  the  white  of  egg,  should  strictly 
be  called  mucosine,  as  it  is  the  secretion  of  tiio  mucous  mem- 
brane of  the  Tallopian  tubes,  and  almost  identical  with  some 
specimens  of  pure  mucus,  sach  as  the  secretion  at  the  neck 
of  the  uterus  during  gestation.  It  is  imperfectly  coagulated 
by  heat,  but  is  thrown  down  by  strong  acida  and  the  metal- 
lic salts.  It  is  formed  from  the  blood  by  the  mucous  follicles ; 
and,  aa  a  small  quantity  is  discharged  from  the  body,  forme 

R  exception  to  the  general  law  that  organic  nitrogenized 
■pies  are  never  discharged  from  the  body  in  health, 
I  Semirsolid  or  So/id  Principles. 

test  of  the  liquid  elements  which  we  liavo  jnat  considered 
Rjeen  fonnd  to  be  connected,  directly  or  indirectly,  with 
DUtritioQ  of  the  body.  Tbose  which  we  now  have  to 
consider  arc  all  directly  formed  from  the  oi^nic  principles 
of  the  blood,  and  constitute  the  organic  portion  of  the  econ- 
omy. Here  is  found  to  be  the  linal  destination  of  fibrin  and  al- 
bumen in  nutrition  ;  for  the  organic  principles  constitute  the 
vital  elements  of  all  the  tissnes,  and  are  nourished  exclusively 
by  these  elements  of  the  blood.  We  include  here  the  blood 
eorpnselcs,  which  mnst  be  regarded  as  organized  bodies, 
.^Umimbcd  like  any  of  the  tissues.     The  following  are  the  prin- 
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eiples  in  this  group  which  are  well  established,  and  have  been 
studied  to  a  greater  or  less  extent : 

Gldbulirie^ 
Cryatdlliney 

Osteiney 
Cartilaffiney 
Elasticiney 
Keratine. 

Gldbulbie. — This  is  a  semi-solid  organic  principle,  con^ 
stituting  the  greater  portion  of  the  blood  corpuscles.  It  is 
soluble  in  water,  from  which  it  is  coagulated  by. a  tempera- 
ture a  little  below  the  boiling  point.  Excepting  that  when 
mixed  with  water  it  requires  a  much  higher  temperature 
for  its  coagulation,  it  has  neai'ly  the  same  properties  as 
albumen. 

Like  the  rest  of  these  principles,  it  exists  in  a  state  of 
intimate  molecular  union  with  inorganic  elements;  but, 
exceptionally  in  this  case,  is  united  with  a  small  quantity  of 
fat.  In  this  condition  it  goes  to  form  the  organized  stiTicture 
of  the  blood  corpuscles. 

Crystalline. — This  is  a  semi-solid  organic  principle, 
peculiar  to  the  crystalline  lens.  It  presents  most  of  the 
characters  of  globuline,  but  is  coagulated  at  a  little  lower 
temperature,  though  higher  than  is  required  to  coagulate 
albumen. 

Musculine. — This  semi-solid  organic  principle  is  peculiar 
to  the  muscular  tissue.  It  is  immediately  dissolved  at  the 
ordinary  temperature  by  a  mixture  of  ten  i)arts  of  water  with 
one  of  hydrochloric  acid.  It  may  be  precipitated  from  this 
solution  by  neutralizing  the  acid,  and  the  precipitate  is  re- 
dissolved  by  an  alkali.    It  is  always  united  with  a  consider 
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able  quantity  of  inorganic  salte,  in  wljich  tlie  plioaptatea 
pretlominnte, 

Mnsciiline,  in  combination  with  inorganic  eubstances, 
goes  to  fonn  the  mnscloe;  but  in  addition,  is  interesting  as 
being  bj  far  tlie  most  important  and  abundant  nitrogenizeJ 
element  of  food.  It  is  the  great  source  of  the  fibrin  and 
albumen  of  the  blood  of  man  and  of  the  carnivorous  animals. 

Ostiine. — Tliis  organic  principle,  naturally  solid,  is  pecn- 
liar  to  the  bones.  If  the  earthy  matter  of  bone  be  dissolved 
out  with  dilute  hydrochloric  acid,  the  residue  is  nearly  pure 
osteiuo.  By  boiling  with  water  it  is  transformed  into  gelatine, 
a  ^luble  substance  diti'ering  in  many  respects  from  osteine. 
According  to  the  experiments  of  Magendie,  fresh  bones 
possess  considerable  nutritive  power,  which  is  entirely  de- 
stroyed by  prolonged  boiling.  It  enters  into  combination 
with  large  quantities  of  earthy  salts,  to  form  the  hones. 

CartUagine. — This  principle  holds  the  same  relation  to 
cartilage  as  osteine  does  to  bone.  By  prolonged  boiling  it 
is  transformed  into  a  substance  resembling  gelatine,  called 
byMilUer  ckondrine.  This  presents  many  points  of  ditierence 
from  gelatine,  which  renders  it  probable  that  the  transfor- 
mation of  cartilage  into  bone,  does  not  merely  consist  in  tbo 
deposition  of  calcareous  matter,  but  also  the  substitution  of  a 
new  oi^anic  principle. 

^fastieine. — This  is  the  urganic  ]irincip]e  of  the  yellow 
clastic  tissue  and  the  investing  membrane  of  the  muscular 
fibres.  According  to  Robin  and  Verdeil  it  is  slowly  dissolved 
by  Bulphnric,  nitric,  and  hydrochloric  acids,  and  these  soln- 
tjons,  diluted  with  water,  are  not  precipitated  by  alkalis.  It 
h  possessed  of  great  strength  and  elasticity. 

£iTa(ine. — This  is  an  organic  principle,  found  in  the  nails 
and  boir,  about  which  wo  know  very  little.    It  differs  from 
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the  other  principles  in  the  fact  that  it  is  not  dissolyed,  but 
decomposed  by  potash,  giving  off  ammoniacal  vapor. 

Coloring  Matters. 

These  substances  have  been  classed  with  the  organic 
nitrogenized  principles,  from  the  fact  that  they  contain  ni- 
trogen ;  but  they  do  not  seem  to  be  endowed  with  the  vital 
properties  which  characterize  this  class,  with  the  exception 
perhaps  of  hematiYie  and  melanine.  As  a  peculiarity  of 
chemical  constitution,  they  all  contain  iron,  which  is  molec- 
ulariy  united  with  their  other  elements.  The  following  are 
the  principles  of  this  group : 

JIcBJnatine^ 
Melanine^ 
Biliverdine^ 
Urrosdcine. 

Ilceinatine, — ^Tliis  is  the  red  coloring  matter  of  the  blood, 
and  exists,  intimately  united  with  globuline,  in  the  blood 
corpuscles.  The  iron  which  it  contains  can  be  readily  dem- 
onstrated, even  in  a  single  drop  of  blood,  by  the  following 
process :  To  a  small  quantity  of  blood  in  a  watch-glass  we 
add  a  drop  of  nitric  acid,  then  evaporate  slowly  over  a  lamp, 
when  fumes  of  nitrous  acid  are  driven  off,  the  iron  takes 
oxygen  and  is  converted  into  a  per-oxide.  If  we  then  add  a 
drop  of  the  sulpho-cyanide  of  potassium,  we  produce  the 
characteristic  red  color  of  the  sulpho-cyanide  of  iron.  Sep- 
arated from  the  blood,  hiematine  is  soluble  in  ether  and  boil- 
ing alcohol,  but  insoluble  in  water  and  in  acids. 

TVe  do  not  exactly  understand  the  mode  of  formation  of 
ha^inatine,  but  pathology  teaches  us  that  it  is  an  essential 
principle  of  the  blood.  In  certain  cases  of  anaemia,  when 
there  is  extreme  ])allor  and  consequently  deficiency  of  hema- 
tine,  the  administration  of  iron  in  any  fonn  induces  the  for- 
mation of  this  substance,  restores  the  normal  constitution  of 
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the  circulating  fluid,  and  relieves  the  general  effects  of  the 
deficiency  of  coloring  matter;  an  effect  which  cannot  be 
produced  by  the  most  nutritiouB  articles  of  food.  Ilsematine 
is  probably  destroyed  in  the  organism,  and  furnishes  material 
for  the  formation  of  the  other  coloring  matters. 

Mdanine. — This  substance  resembles  hsematine,  contain- 
ing, however,  a  smaller  proportion  of  iron.  It  is  of  a  brown- 
ish color,  and  is  found  in  all  parts  of  the  body  where  pigment 
exists ;  such  as  the  choroid,  iris,  hair,  or  epidermis.  It  exists 
in  the  form  of  granulations,  either  free  or  enclosed  in  epithe- 
lial cells.  In  all  probability  it  is  formed  by  a  transformation 
of'hematine. 

Biliverdine. — This  is  a  greenish-yellow  coloring  matter 
peculiar  to  the  bile.  Extracted  from  the  bile,  it  is  insoluble 
in  water,  but  soluble  in  alcohol  or  ether.  It  contains  iron  in 
nearly  the  same  proportion  as  haematine. 

Biliverdine  is  formed  from  haematine,  enters  into  the  con- 
stitution of  the  bile,  is  discharged  into  the  small  intestine, 
and,  after  undergoing  certain  modifications,  is  discharged 
from  the  body  in  the  feces. 

Urroaacine. — This  is  the  principle  which  gives  the  amber 
color  to  the  urine.  After  extraction,  it  is  insoluble  in  water, 
but  soluble  in  alcohol  or  ether.  It  exists  in  the  urine  in  very 
small  quantity,  and  is  formed  in  the  kidney,  in  all  probability 
at  the  expense  of  the  haematine.  Urrosacine  and  biliverdine 
arc  the  two  coloring  matters  discharged  from  the  body. 

Summary. — A  review  of  the  individual  properties  of  the 
organic  nitrogenized  principles  shows  great  differences  in  their 
physiological,  and  very  slight  differences  in  their  purely 
chemical  characters.  It  is  a  fact  too  apparent  to  require 
argument,  that  their  chemical  history  is  of  little  importance 
compared  to  a  study  of  their  vital  properties.  In  fact  re- 
searches into  their  ultimate  composition,  with  the  excep- 
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tion  that  tliey  have  shown  them  all  to  contain  nitrogen,  are 
almost  without  value.  Without  exception  they  are  all  in  a 
state  of  intimate  molecular  union  with  inorganic  matter,  and 
in  this  union  inorganic  compounds  become  endowed  with 
life ;  that  is,  the  inorganic  parts  of  the  body,  as  the  calcareous 
elements  of  bone,  taken  up  by  the  blood  with  the  worn-out 
organic  principles  and  undergoing  constant  waste,  are  capar 
ble  of  self-regeneration. 

The  vitality  thus  imparted  to  inorganic  matters^  and  the 
fact  that  neither  the  organic  nor  inorganic  elements  are  alone 
c-apahle  of  engaging  in  the  phenomena  of  life^  cannot  he  too 
fully  insisted  upon.  Both  are  taken  into  the  body  as  food, 
are  digested,  assimilated,  and  finally  discharged,  always  in 
combination ;  the  organic  principles  changed,  and  converted 
into  excrementitious  substances,  and  the  inorganic  principles 
unchanged. 

,  The  readiness  with  which  the  organic  principles  are  con- 
verted one  into  the  other  by  catalysis  must  also  be  appre- 
ciated, as  well  as  the  constant  operation  of  this  process  in 
all  the  phenomena  of  life.  Even  albumen,  taken  in  as  food, 
must  be  converted  into  albuminose,  and  again  into  albumen, 
before  it  is  capable  of  building  up  the  tissues;  and  all  the 
nitrogenized  articles  of  food  are  converted  into  the  same  sub- 
stance, regenerating  the  blood,  and  through  it  the  body. 

In  the  economy  we  find  two  great  divisions  of  organic 
elements:  one,  which  is  nutritive,  and  the  other,  which 
fonns  the  great  part  of  the  tissues.  By  simple  contact,  the 
plastic,  or  nutritive,  principles  are  mysteriously  converted 
into  the  varied  elements  of  the  organism,  and  take  with  them 
the  inorganic  elements  necessary  to  the  proper  constitution 
of  the  parts. 

It  is  only  with  a  just  appreciation  of  these  general  princi- 
ples that  we  are  able  to  study  intelligently  the  special  functions 
of  respiration,  circulation,  digestion,  absorption,  secretion  and 
excretion,  which  are  all  tributary  to  the  complicated  function 
of  nutrition. 


CHAPTER  I. 

THE  BLOOD. 

Geoenl  conaiderationfl— Transfusion — Quantity — ^Physical  characters — Opadty^- 
Temperatnre — Spedfio  graTity — Color — ^Anatomical  elements  of  the  blood- 
Red  corpnacloe— Chemical  characters  of  red  corpuscles — ^Development  of  red 
coipnscles — Formation  of  red  coxpusclcs — ^Leucocytes,  or  white  coxpuscles — 
Derclopment  of  leucocytes. 

In  all  ages,  even  before  physiology  became  known  as  a  dis 
tinct  science,  the  importance  of  the  blood  in  the  animal 
economy  has  been  recognized ;  and  with  the  progress  of 
knowledge  this  great  nutritive  fluid  has  been  shown  to  be 
more  and  more  intimately  connected  with  the  phenomena  of 
life.  It  is  now  known  to  be  the  most  abundant  and  highly 
organized  of  the  animal  fluids;  providing  materials  for  the 
r^cneration  of  all  parts,  without  exception,  receiving  the 
products  of  their  waste  and  conveying  them  to  proper  organs, 
by  which  they  are  removed  from  the  system.  These  processes, 
on  the  ene  hand,  require  constant  regeneration  of  its  constit- 
uents, and  on  the  other,  constant  purification  by  the  removal 
of  effete  matters.  As  it  has  been  found  desirable  to  preface 
our  study  of  general  physiology  with  a  history  of  proximate 
principles,  showing  the  chemical  and  vital  properties  of 
what  maybe  considered  as  the  permanent  constituents  of  the 
body,  BO  before  considering  individual  functions,  all  of  which 
bear  finally  on  the  great  process  of  nutrition,  we  should 
have  an  accurate  knowledge  of  the  anatomy  and  chemistry 
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of  what  is  most  appropriately  called  the  great  nutritive  fluid. 
It  has  been  said  that  all  parts  are  dependent  on  the  blood  for 
nourishment.  Those  tissues  in  which  the  processes  of  nutri- 
tion are  active  are  supplied  with  blood  by  vessels ;  but  some 
less  highly  organized,  like  the  epidermis,  hair,  cartilage,  etc., 
which  are  sometimes  called  extra-vascular  because  they  are 
not  penetrated  by  blood-vessels,  are  none  the  less  dependent 
upon  the  fluid  under  consideration ;  imbibing,  as  they  do, 
nourishment  from  the  blood  of  adjacent  parts. 

It  must  be  remembered  that  in  nutrition  the  tissues 
are  active,  selecting,  appropriating,  and  modifying  material 
which  is  simply  furnished  by  the  blood  ;  and  as  th^  real  vital 
force  which  governs  these  processes  resides  in  the  tissues,  ten- 
dencies of  the  system,  such  as  the  tubercular,  scrofulous,  or 
cancerous  diatheses,  which  lead  to  disordered  nutrition,  must 
have  their  seat  in  the  solids,  and  not  in  the  circulating  fluid. 
The  first  cause  of  these  conditions  may  lie  in  a  disordered 
state  of  the  blood,  from  bad  nourishment,  from  the  introduc- 
tion of  poisons,  such  as  malaria,  or  the  emanations  from  per- 
sons affected  with  contagious  diseases,  and  under  some  cir- 
cumstances the  elimination  of  these  poisons  may  be  effected 
through  the  blood ;  but  when  they  exist  in  the  blood,  they 
either  become  fixed  in  the  system,  or  are  thrown  oft'.  We 
must  regard  most  of  the  morbid  actions  which  are  dependent 
on  diathesis,  as  the  result  of  a  vice  in  the  tissue  itself,  not  the 
blood  with  which  it  is  supplied.  It  is  none  the  less  essential 
to  health,  however,  that  the  blood  should  have  its  proper 
constitution. 

The  final  importance  of  the  blood  in  the  processes  of 
nutrition  is  evident ;  and  in  animals  in  which  nutrition  is 
active,  death  is  the  immediate  result  of  its  abstraction  in  large 
quantity.  Its  immediate  importance  to  life  can  be  beauti- 
fully demonstrated  by  experiments  upon  inferior  animals. 
If  we  take  a  small  dog,  introduce  a  canula  tlirough  the  right 
jugular  vein  into  the  right  side  of  the  heart,  adapt  to  it  a 
syringe,  and  suddenly  withdraw  a  great  part  of  the  blood 


from  tlie  circulation,  immediate  suspension  of  nil  tlie  vital 
proceeded  IB  tho  result.  If  we  then  return  the  blood  to  the 
Ej-stem,  the  animal  ia  as  auddenly  revived.'  To  perform  this 
experiment  Batisfactorily,  we  must  accurately  adjust  the  ca- 
pacity of  the  syringe  to  the  size  of  the  animal.  Carefully 
performed,  it  ia  very  striiing. 

Transfusioiu — Certain  causes,  one  of  which  is  dimiuntioQ 
in  the  force  of  the  heart  after  coplons  hemorrhage,  prevent  the 
escai)e  of  all  the  blood  from  the  body,  even  after  division  of 
the  largest  arteries ;  bnt  after  the  arrest  of  the  vital  functions 
wiiicli  JblloWs  copious  discharges  of  this  fluid,  life  rany  he  re- 
stored by  ttio  injection  into  the  vessels  of  tlie  same  blood,  or 
the  fresh  blood  of  another  animal  of  the  same  epecJes.  This 
oheervation,  which  was  first  made  on  the  inferior  animals, 
has  been  ajipltcd  to  the  hmnan  subject ;  and  it  has  been  as- 
certwned  that  in  patients  sinking  under  hemorrhage,  the  in- 
trodnction  of  oven  a  few  ounces  of  fresh  blood  will  restore 
the  vital  forces  for  a  time,  and  Boraetimea  permanently.  Tlio 
operation  of  trangfiiaion,  which  consists  in  tho  introduction 
of  the  blood  of  one  individual  into  the  vessels  of  another, 
was  performed  upon  animals  in  the  middle  of  the  seven- 
teenth century,  and  was  soon  after  attempted  in  the  human 
subject.  So  great  was  the  enthusiasm  with  which  some  re- 
garded these  experiments,  that  it  was  even  thought  possible 
to  effect  a  renewal  of  youth  by  the  introduction  of  young 
blood  into  the  vehis  of  old  persons;  and  it  was  also  proposed 
to  cure  certain  diseases,  such  as  insanity,  by  an  actual  renewal 
of  the  cii'culating  fluid.  These  ideas  were  not  without  ap- 
parent foundation.  It  was  stated  in  1607,that  adog,  oldand 
deaf,  had  his  hearing  improved  and  was  apparently  rejuve- 
uat«d  by  transfusion  of  blood  from  a  young  animal.  A  year 
later  Denys  and  Emmereta  published  the  case  of  a  maniac 
who  was  restored  to  healtli  by  the  transfusion  of  eight  onnces 
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of  blood  Irom  a  calf;  and  anotlier  case  was  rcporLed  of  a  man 
who  was  cured  of  leprosy  by  the  same  means.  But  a  reao- 
tioa  followed.  The  case  of  iDBanity,  which  was  appareutlv 
cured,  suffered  a  relapse,  and  the  patient  died  during  a 
third  attempt  at  transfusion.'  It  ia  almost  imneeesaarj  to 
6!iy  that  these  extravagant  expectations  were  not  realized. 
Ill  fact  some  operations  were  followed  by  euch  disastrous  con- 
sequences, that  the  practice  was  forbidden  by  law  in  Paris  iii 
1668,  and  soon  fell  into  dieuse. 

Transfusion,  witit  more  reasonable  applications,  ^raa  re- 
vived in  the  early  part  of  this  century  (1818)  by  Blnndell, 
who,  with  others,  demonstrated  its  occasional  efficacy  in  des- 
perate lieniorrhage,  and  in  the  last  stages  of  some  diseases, 
especially  cholera.  There  are  now  quite  a  number  of  cases  on 
record  where  life  lias  been  saved  by  this  means ;  and  often- 
times, when  the  result  has  not  been  so  happy,  the  fatal  event 
lias  been  considerably  delayed.  In  a  case  which  occurred  at 
New  Orleans,  ■when  tlie  system  was  prostrated  by  an  obscnre 
affection  and  life  became  nearly  extinct,  about  seven  ounces 
of  blood  in  all  wore  transfused  in  three  operations,  within  two 
hours,  with  the  palpable  effect  of  prolonging  life  for  from 
twelve  to  sixteen  hours.'  B^rard  had  collected  from  variona 
sources  thirteen  observations  of  hemorrhage,  which  would  have 
been  fatal,  in  which  life  was  permanently  restored  by  the 
injection  of  a  few  ounces  of  healthy  human  blood.  In  all 
but  two  of  these  cases  the  hemorrhage  was  uterine.' 


■  Fhil'impluenl  TVuriiodi'oni,  LoqiIoll,  1608,  p.  1l(i,eltrq. 

<  In  Ihis  cBiie  the  piilicnt  euSbred  citn>me  proBtratiiMi  alter  Ihe  dcliicrr  of  a 
MTen  and  a  half  moailiB'  child.  Thii  coDtinoed  for  a  few  dajs,  and  at  the  time 
of  traiuruaion,  the  pulse  wiu  140  aod  lerj  feeble ;  rcspiratiuns  eii  to  ei^t  per 
minute ;  no«lriU  compmeed  at  each  inspinttioQ ;  surfuce  eool ;  countcnaDco  Hip- 
poccallc,  and  the  coma  xo  profouiid  that  iho  poticnt  could  net  be  nroiwed.  After 
each  traBsfugion  the  Ujib  became  more  florid,  Ihe  nostiils  diUtcd  in  uu^nrstion, 
and  the  surface  became  wuiaer.  The  patient  lived  Itrenty-fonr  boars  nAer  th« 
Brst  operation.  The  blood  was  lakeu  from  the  ano  of  a  hcalthj  male  and  tmi» 
fused  immcdiatel;  Into  the  minliiui  cephalic  vdn. 

'  BiuRD,  Court  d»  WjBoiiyii',  Paria,  18BI,  tome  ill.,  p.  21B,  et  ttg. 
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Since  tliia  time  &  great  many  experiments  on  tj-ansfusion 
\a  animals  have  been  performed,  wilh  very  iuterefitiiig  reenlta. 
Prdvdst  and  Damas'  liave  shown,  that  while  an  auimal  may 
be  restored  after  hemorrhage  by  the  transtusion  of  defibrinated 
blood,  no  Bnt-b  effect  follows  tbe  introduction  of  tlie  semm; 
showing  that  the  vivifying  inflnence  in  all  probability  resides 
m  the  corpuscles.  Tliese  obeervera  have  also  shown,  that 
though  ananimalmaybe  temporarily  revived  by  tlie  injection 
of  detibrinated  blood  from  an  animal  of  a  different  species, 
death  follows  the  operation  in  a  few  days.'  Brown-Soquard 
has  shown  that  in  parts  detached  from  the  body,  after  nervons 
and  mnsfular  irritability  have  disappeared,  these  properties 
may  be  restored  for  a  time  by  the  injection  of  fresh  blood.' 
He  also  reports  a  curions  experiment  in  which  blood  was 
passed  &om  a  living  dog  into  the  carotid  of  a  dog  just  dead 
frora  peritonitis.  The  animal  waa  so  far  revived  as  to  sustain 
himself  on  his  feet,  wag  his  tail,  etc.,  and  died  a  secondtime, 
twelve  and  a  half  honre  after.  In  this  experiment  insufflation 
was  employed  in  addition  to  the  transfnaion.' 

It  may  then  bo  considered  estahlisheci,  that  in  animals, 
after  hemorrhage,  life  may  be  restored  by  injecting  the  blood, 
defibrinuted  or  not,  of  an  animal  of  the  same  species,  pro- 
vided it  be  introduced  slowly,  without  admixture  with  air, 
and  not  in  too  great  quantity.  If,  however,  the  blood  of  an 
animal  of  a  ditferciit  species  be  used,  life  will  be  restored  but 
for  a  short  time.  Death  occurs  alter  tbe  transfusion  of  blood 
in  this  instance,  only  when  the  animal  receiving  it  is  exsan- 
gainc,  and  the  blood  of  an  animal  of  a  different  species  ia 
sal^titated.  If  the  animal  be  not  exsangm'ue,  a  little  blood 
can  be  5ni>eradded  to  the  mass  from  an  animal  of  different 
epocies  without  this  result,  as  is  shown  by  the  oxperimenta 

'  BiaiRO.  up.  HI.,  t<iiii«  iii.,  p.  SIS. 
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f.  tss  a  Iff. 
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already  alluded  to,  of  traust'tision  of  tlie  Mood  of  a  calf  into 
tlic  veins  of  a  man. 

In  the  human  subject,  especially  after  hemorrhage,  the 
vital  powers  are  Bomctimes  restored  by  careful  tpanafusion 
of  human  blood,  with  the  above  precautions;  remembering 
that  a  very  small  quantity,  three  or  four  ounces,  will  some- 
times be  eufficient. 

Quantity  of  Blood. — The  determination  of  the  entire 
quantity  of  blood  contained  in  the  body  is  a  question  of  great 
interest,  and  has  long  engaged  the  attention  of  physiologists, 
without,  however,  al>Bolutelj  definite  results.  Among  those 
who  liave  experimented  on  this  point,  may  ho  mentioned 
Allen-iLoidins,  ITerhst,  Fried.  Iloflmann,  Valentin,  Blake, 
Lehmann  and  Weber,  and  Tierordt.'  The  fact  tliat  the 
labors  of  these  eminent  observers  have  been  bo  far  unsuccess- 
ful in  determining  definitely  the  entire  quantity  of  blood, 
BhowB  the  difficulties  which  are  to  be  overcome  before  the 
question  can  be  entirely  settled.  The  chief  difficulty  lies  in 
the  fact  tliat  all  the  blood  is  not  discharged  from  the  body 
on  division  of  the  largest  vessels,  as  after  decapitation ;  and 
no  perfectly  accurate  means  have  been  devised  for  estimating 
the  quantity  which  must  always  remain  in  the  vessels.  The 
estimates  of  experimenters  present  the  following  wide  difier- 
euces.  Allen-Moulins,  who  was  one  of  the  first  to  study  this 
question,  estimates  the  quantity  of  blood  at  ono-twentieth 
the  weight  of  the  eutire  body.  Tlie  estimate  of  Herbst  ia  a 
little  higher.  Hoffmann  estimates  the  quantity  sit  one-fifth 
the  weight  of  the  body.  These  observers  estimated  the  quan- 
tity remaining  in  the  system  after  opening  the  vessels,  by 
mere  conjecture,  Valentin  was  tlie  first  who  attempted  to 
overcome  this  difficulty  by  experiment.     For   this  purpose 

'  Tbo  reader  is  referred  to  tbe  works  of  Longet  (Ptignoloffie,  Potto,  1801, 
tome  L,  p.  Ton  c(  t*q.)  uid  Uilac-EdirardB  [Phi/tiuhjii,  Paris,  ISBI,  tome  L,  p. 
SOS  tf  tq.),  fur  A  more  citended  account  of  tlic  voiions  eiperimniu  vhich  btra 
bem  nude  Tith  a  \ieit  of  dctenaining  the  enUrc  quontltj  of  blood  in  tbc  bod/. 
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he  einiiloye<l  the  iollowiDg  prorcpi*.  Hu  totik  first  a  sinnll 
quantity  of  blood  from  an  ftnimal  for  purjioaes  of  eoinparison  ; 
then  injected  into  tlie  vessels  a  known  quantity  of  a  Ealine  solu- 
tion,mid  taking  anotlier  specimen  of  blood  some  time  after, 
lie  ascertained  by  evaporation  the  proportion  of -water  whieli 
it  contained,  compared  n'itli  tho  proportion  in  the  first  Bpeci- 
men.  He  reasoned  that  the  excess  of  water  in  tho  second 
epecimen  over  tlie  first  would  give  the  propoitlon  of  the  water 
introduced,  to  the  whole  mass  of  blood ;  and  as  tho  entire 
qnantity  of  water  introduised  is  known,  the  entire  quantity 
of  blood  eonld  be  deduced  therefrom-  Suppose,  for  example, 
that  the  escesa  of  water  in  the  second  specimen  should  he 
one  part  to  ten  of  the  blood,  it  would  show  that  one  part  of 
water  Jiad  been  mixed  with  ten  of  the  blood ;  and  if  we 
had  injected  in  all  five  ounces  of  water,  we  would  have  the 
trhole  quantity  of  blood  ten  times  that,  or  fifty  ounces. 

This  method  is  open  to  the  objection  that  it  is  impossi- 
ble to  take  note  of  tlie  processes  of  imbibition  and  exhalation 
which  are  constantly  in  operation.  Taking  it  for  what  it  is 
worth,  the  estimates,  applied  to  the  human  sutject,  give  the 
weight  Iff  bliKid  as  -^^  tliat  of  the  body. 

Ulake  estimated  the  qnantity  of  blood  l>y  an  analogous 
proceiis,  injecting  a  known  quantity  of  sulphate  of  alumina 
into  the  vessels,  estimating  its  proportion  in  a  specimen  of 
blood,  and  from  that  deducing  the  entire  quantity.  He  gives 
the  projiortion  of  blood  in  dogs  as  from  one-ninth  to  one- 
third  the  weight  of  the  body.  The  objection  we  have  men- 
tionctl  applies  also  to  these  esperimentt. 

Tiie  following  process,  which  is,  perhaps,  least  open  to 
eoBTcefi  of  error,  was  employed  by  Lehmann  and  Weher,  and 
applied  directly  to  the  human  subject,  in  the  case  of  two 
decapitated  criminals.  These  observers  estimated  the  blood 
remaining  in  the  body  after  decaj)itation,  by  injecting  the 
vessels  with  water  until  it  came  through  nearly  colorless. 
It  was  carefully  collected,  evaporated  to  dryness,  and  the  dry 
residue  asaumcd  to  rei)reBent  a  certain  quantity  of  blood ;  tho 
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proportion  of  dry  residue  to  a  definite  quantity  of  blood 
liaving  been  previously  ascertained.  If  we  could  be  certain 
that  only  tbe  siilid  matter  of  the  blood  was  thus  removed,  the 
estimate  would  be  tolerably  accurate.  As  it  is,  we  may  con- 
sider it  as  approximating  very  nearly  to  the  truth.  We  qaoto 
tbe  following  aeeonut  of  these  observations : 

"  My  friend,  Ed.  Weber,  determined,  with  my  coopers-  I 
tion,  tlje  weigiits  of  two  crimiiinls  both  before  and  after  their  1 
decapitation.  The  quantity  of  blood  wlueh  escaped  from  the 
body  was  determined  in  the  following  manner:  Water  was 
injected  iato  tbe  vessels  of  tbe  trunk  and  head,  until  the  fluid 
escaping  from  tbe  veins  had  only  a  pale  red  or  yellow  color; 
the  quantity  of  the  blood  remaining  in  the  body  was  then 
calculated,  by  instituting  a  comparlBon  between  the  solid 
residue  of  this  pale-red  aqueous  fluid,  and  that  of  the  blood 
whieh  tirat  escaped.  By  way  of  illustration,  I  subjoin  the 
results  yielded  by  one  of  the  esperimenta.  The  Uving  body 
of  one  of  the  criminals  weighed  60,140  grammes  (I32'7 
pounds),  and  tbe  same  body  after  decapitation  fi4,000  gram- 
mes; consequently  5,540  gi'ammes  of  blood  had  escaped. 
28"5(J0  grammes  of  this  blood  yielded  5'36  grammes  of  Bolid 
residue ;  00'5  grammes  of  sanguineous  water  collected  after 
the  injection,  contained  8*724  grammes  of  solid  substances ; 
G,050  grammes  of  the  sanguineous  water  that  returned  from 
the  veins  were  collected,  and  these  contained  37'24  grammes 
of  solid  residue,  which  corresponds  to  1,980  grammes  of 
blood ;  consequently,  the  body  contained  7,520  grammes 
(16*59  pounds),  5,540  escaping  in  the  act  of  decapitation,  and 
1,980  reuiaim'ng  in  the  body ;  hence,  the  weight  of  the  whole 
blood  was  to  that  of  the  body  nearly  in  the  ratio  of  1:8. 
The  other  experiment  yielded  a  precisely  similar  result. 

"It  cannot  be  assumed  that  such  experiments  as  these 
possess  extreme  accuracy,  but  they  a]>pear  to  have  the  advan- 
tage of  giving  in  this  manner  the  minimum  of  the  blood  con- 
tained in  the  body  of  an  adult  man ;  for  although  some  solid 
6ubstanoes,  not  belonging  to  the  blood,  may  be  taken  up  by 
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the  water  from  the  parenchj-ma  of  the  organs  permeated  witli 
copillarj'  vessels,  the  esceea  thus  obtained  ia  so  completely 
counteracted  Ly  the  deficienej  caused  by  the  retention  of 
some  hlood  in  the  capillaries,  and  in  part  by  tranBodation, 
that  our  estimate  of  tlie  quantity  of  blood  contained  in  the 
human  body  may  be  considered  as  slightly  below  the  actual 
quantity."' 

In  extreme  obesity,  tho  weight  of  the  blood  would  not 
bear  a  natural  ratio  to  that  of  tho  body ;  hut  from  the  data 
■which  wo  have  at  our  command,  wc  may  state  the  proiHirtion 
ill  a  well-formed  man  to  be  about  1  to  S,  or  the  whole  quantity 
of  bliiod  at  from  10  to  30  pounds  avoirdupois.  The  quantity 
of  blood  undoubtedly  varies  in  the  same  individual  in  difler- 
ent  conditions  of  the  system ;  and  these  variations  are  fiilly 
as  iruportant,  in  a  physiological  point  of  view,  as  the  entire 
quantity. 

Prolonged  abstinence  has  a  notable  effect  in  diminishing 
the  mass  of  blood,  as  indicated  by  the  small  quantity  which 
can  be  removed  from  the  body,  under  these  eircumstauces, 
witli  impunity.  It  has  been  experimentally  demonstrated' 
that  the  entire  quantity  of  blood  is  considerably  increased 
during  digestion.  Bernard  drew  from  a  rabbit  weighiugabout 
21  lliB.,  during  digestion,  over  lOJ  ounces  of  blood  without 
producing  death ;  while  he  found  that  the  removal  of  half 
that  quantity  from  an  animal  of  the  same  size,  fasting,  was 
followed  by  death.  In  Burdach,'  we  find  a  case  reported  by 
"Wrisherg,  of  a  female  criminal,  very  plethoric,  from  whom 
21  lbs.  "3  omices  of  blood  flowed  alter  decapitation.  As  the 
relations  of  the  quantity  of  blood  to  the  digestive  function 
are  so  important,  it  ia  unfortunate  that  in  the  observationa 
of  Lehmann  and  Weber,  the  conditions  of  the  system  in  this 


'Lnnuix,  i^ynWo^'cal  Chaniitri/,  riiiladclptiU,  IBBS,  voLL,  p.  QSS.  Tbe 
•rciglils  of  the  bodj  and  tho  entire  qnimlitj  of  blood  have  been  reduwd  from 
gnoirnra  U>  pounds  BToirdupoie. 

'  BsuiAEe,     Ziijuijei  lit  rOrjanitiiie,    loine  i.,  p.  *1B. 
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i"espect  were  not  noted ;  a  oiroamstance  wliieli  ^vould  liave 
added  materially  to  their  value. 

It  is  tliua  evident  that  the  qnantity  of  blood  in  the  body 
is  considerably  increased  during  digestion ;  but  as  to  the 
extent  of  this  increase,  Tre  cannot  yet  form  any  delinite  idea. 
It  is  only  shown  that  there  is  a  very  marked  difference  in 
the  eftecta  of  hemorrhage  in  animals,  daring  digestion  and 
fasting. 

The  reaction  of  the  Mood,  which  baa  been  determined 
after  the  globules  have  separated  so  as  to  allow  the  applica- 
tion of  test  paper  to  the  clear  plasiiia,  has  been  found  to  be 
uniformly  alkaline. 

Physical  Charactera  of  the  Blood. 
Opacity. — One  of  the  first  physical  characters  of  the  blood 
which  attract  our  attention  is  its  opacity.  This  depends 
upon  the  fact  that  it  is  not  a  homogeneous  flmd,  but  com- 
posed of  two  distinct  elements :  a  clear  plasma,  and  corpus- 
cles, which  are  neai-ly  as  transparent,  but  which  have  a  dif- 
ferent refractive  power.  If  both  of  these  elements  had  the 
same  refractive  power,  tJie  mixture  would  present  no  obstacle 
to  the  passage  of  light ;  but  as  it  is,  the  rays,  which  are  bent 
or  refi-acted  in  passing  from  the  air  through  the  plasma,  are 
again  refriicted  when  they  enter  the  corpuscles,  and  again 
when  they  pass  from  the  corpuscles  to  the  plasma,  eo  that 
they  are  lost,  even  in  a  thin  layer  of  the  fluid.  This  loss  of 
light  in  a  mechanical  mixture  of  two  transparent  liquids  of 
imequal  refractive  power  can  be  demonstrated  by  the  fol- 
lowing simple  experiment.  If  to  a  little  chloroform,  col- 
ored red,  clear  water  be  added  in  a  test-tube,  these  liquids 
remain  distinct  from  each  other,  and  are  botli  transparent ; 
but  if  we  agitate  them  violently,  the  chloroform  is  tempo- 
rarily subdivided  into  globules  and  mixed  with  the  water ; 
and  as  they  refract  light  differently,  the  mixture  Js  opaque. 

Odor. — The  blood  has  a  faint  but  characterbtic  odor.   Ttia 
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may  bo  developed  more  strongly  Iiy  the  nddition  of  a  few 
drops  of  snlpliuriQ  awl,  wlien  an  odor,  peculiar  to  the  animal 
Tcliose  blood  we  are  esainiuing,  becomes  very  distinct. 

Temperature. — The  temperature  of  the  blood  is  generally 
piven  as  0S°  to  100°  Falir,,  but  recent  experiments  have 
shown  that  it  varies  considerably  in  different  parts  of  the 
circulatory  system,  independently  of  exposure  to  the  refrig- 
erating influence  of  the  atmosphere.  By  the  use  of  very 
delicate  registering  thermometers,  Bernard  has  succeeded  in 
eatabli^hiug  tlie  following  facts  with  regard  to  the  temperature 
in  various  parts  of  the  circulatory  system  in  dogs  and  sheep : 

1.  The  blood  is  warmer  in  the  right  than  in  the  left  cav- 
ities of  the  heart. 

2.  It  is  warmer  in  tlie  arteries  than  in  the  veins,  with  a 
few  exceptions. 

3.  It  is  generally  warmer  in  the  portal  vein  than  in  the 
abdominal  aorta,  independently  of  the  digestive  act. 

i.  It  is  coufitantly  warmer  in  the  hepatic  than  in  the 
portal  veins. 

lie  found  the  highest  temperature  in  the  blood  of  the 
hepatic  vein,  where  it  ranged  from  101"  to  107°.  Ii\  the 
aorta  it  ranged  from  99°  to  105°. 

"We  may  assume,  then,  in  general  terms,  that  tlie  tem- 
perature of  the  blood  in  the  deeper  vessels  is  from  100°  to 
lOr  Fahrenheit.' 


Specific  GravHy  of  fhe  Blood. — According  to  Becquerel 
and  Kodier,  who,  perhaps,  are  as  high  authority  as  nuy  on 
this  subject,  the  specific  gravity  of  defihrinated  blood  is  from 
1055  to  10C3,'  It  is  somewhat  less  in  the  female  than  in 
the  male. 


'Thnre  Tarts  were  Inkca  from  the  leetuns  of  Bernard,  "Sar  U*Liquida  di 
COrgtnitrnf,"  Paria,  1989,  In  two  volaniM,  Tho  flrst  vqIqidc  ii  devolud  lo  the 
Uood,  uid  the.mbject  of  Icmpentture  U  rerj  thoroughly'  InTtslSgnletl. 

*  Bbcucrei.  &Bd  RooiBR,     TVaili  it  Chimit  Palhohgiqw,    Paris,  1814. 
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Cohr  qf  the  Blood. — The  color  of  tlie  Ijlood  U  due  to  the  | 
corpuscles.     In  tlie  arterial  system  it  13  imiformly  red.     In  ■ 
the  veins  it  is  dark  blue  and  sometimes  almost  black.     Thb 
difference  iu  color  between  the  blood  in  the  arterial  and  in 
Uie  venoas  system  was  a  matter  of  controversy  at  the  time  . 
of  Harvey.     By  the  discoverer  of  the  circulation,  the  differ-  I 
ence,  which  is  now  universally  known  and  admitted,  as  r^  I 
gards  most  of  the  veins,  w-os  supposed  to  be  merely  accidental,  i 
and  dependent  on  external  causes.    Fifty  years  later,  Lower ' ' 
demonstrated  the  change  of  color  in  the  blood  as  it  paseea  -I 
through  the  lungs,  and  associated  it  with  the  true  cause ;«!?., 
the  absorption  of  oxygen.     The  color  in  the  veins,  however, 
is  not  constant.     Many  years  ago,  John  Hunter  observed,  in 
a  case  of  syncope,  that  the  blood  drawn  by  venesection  t 
bright  red;'  and  more  recently  Bernard  has  demonstrated  I 
that  in  some  veins  the  blood  is  nearly,  if  not  qnilc,  as  red  as 
in  the  arterial  system.     The  color  of  the  venous  blood  de- 
pends u^jon  the  condition  of  the  organ  or  part  from  which  it 
is  returned.     The  red  color  was  first  noticed  by  Bernard  in 
the  renal  veins,  where  it  contrasts  very  strongly  with  the 
black  blood  in  the  vena  cava.     He  afterwai-ds  observed  that 
the  redness  only  existed  during  the  functional  activity  of  the 
kidneys ;  and  when,  from  any  cause,  the  secretion  of  nrine 
was  arrested,  the  blood  became  dark.     He  was  led  from  this 
observation  to  examine  the  venous  blood  from  other  glandu; 
and  directing  his  attention  to  those  which  he  was  able  to  ' 
examine  during  their  functional  activity,  particularly  the   > 
salivary  glands,  found  tlie  blood  red  in  the  veins   during 
secretion,  but  becoming  dark  as  soon  as  secretion  was  arrested. 
These  observations  may  bo  easily  verified  by  opening  the 
abdomen  of  a  living  animal  so  as  to  expose  the  cniolgent 
veins,  introducing  a  canula  into  the  ureter  so  as  to  he  able 
to  note  the  flow  or  arrest  of  the  urine.     As  long  as  the  nrine 


'  LoiTiK,  TrrKtaliu  lU  Conle 

lesg,  p,  ISO. 

'  Tbo  Works  of  John  Uuolcr,  Fbiltdcliihiii, 


(h  ifotn  ft  Colore  Sanfniiitii,  Amslolodual, 
lii.,  p.  93. 
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eoQtmncs  to  flow,  the  l)loo(l  in  these  vessels  will  be  lirigbt 
red ;  hut  when  secretion  becomcB  arrested,  as  it  soon  does 
after  exposure  of  the  organs,  it  presents  no  difference  from 
the  blood  in  the  vena  cava.  In  the  sub-raaxillary  gland,  by 
tlie  galvanization  of  a  certain  nerve,  ■which  be  calls  the  motor- 
nerre  of  the  gland,  Bernard  has  been  able  to  prodnee  eecro- 
tion,  and  by  the  galvanization  of  another  nerve,  to  arrest  it ; 
in  this  way  changing  at  will  the  color  of  the  blood  in  the 
vein.  It  has  been  found  by  the  same  observer  that  division 
of  the  syuipatJietic  in  the  nerb,  which  dilates  the  vessels  and 
increases  the  supply  of  blood  to  one  side  of  the  bead,  produces 
a  red  color  of  the  blood  in  the  jugular.  He  has  also  found 
that  paralysis  of  a  member  by  division  of  the  nerve  has  the 
same  effect  on  the  blood  retoming  by  the  veins. ' 

The  explanation  of  these  facts  is  evident  when  wo  reflect 
upon  the  reasons  why  the  blood  ia  red  in  the  arteries  and 
dark  in  the  veins.  Its  color  deijcnds  upon  the  corpuscles ; 
and  as  the  blood  passes  through  the  lungs  it  loses  carbonic 
acid  and  gains  oxygen,  changing  from  black  to  red.  In  its 
passage  ibrough  the  capillaries  of  the  syetcm,  in  the  ordinary 
proccfises  of  nutrition,  it  loses  oxygen  and  gains  carlwnic  acid, 
changing  from  red  to  bbiek.  During  the  intervals  of  secre- 
tion, the  glands  have  just  enongb  hlood  sent  to  them  for  tbeir 
nutrition,  and  the  ordinary  interchange  of  gases  takes  place, 
with  tlie  consequent  change  of  color ;  but  diu-ing  their  func- 
tional activity,  the  blood  is  supplied  in  greatly  increased 
quantity,  in  order  to  fnmish  the  watery  elements  of  the 
secretions.  Under  these  eircnra  stances  It  does  not  lose 
oxygen  and  gain  carbonic  acid  in  any  great  quantity,  as  has 
beoD  demonstrated  by  actual  analysis,'  and  consequently 
experiences  no  change  in  color.  When  filamenta  of  the  sym- 
pathetic are  divided,  the  vessels  going  to  the  part  are  dilated, 
and  the  supply  of  blood  is  increased  to  such  an  extent,  that  a 


'  Dnur^iui,  op.  til, 
*  Unpnbllihed  Icctares  delivRcd  b 
inuDmororifini. 
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certain  propgrtion  paseea  throtigh  without  parting  witli  its 
oaPTgeHj  a  fact  which  has  also  heen  domoiiatrated  by  analj-eia,  i 
and  consequently  retains  ite  red  color.  The  explanation  in  ' 
cases  of  syncope  is  probably  the  same ;  thongh  thie  is  merely 
a  supposition.  Even  during  secretion,  a  certain  quantity  of 
carbonic  acid  is  formed  in  tlie  gland,  which,  according  to 
Bernard,  is  carried  off  in  solution  in  the  secreted  fluid.' 

It  may  lie  stated  in  general  terms  that  the  color  of  the 
blood  in  the  arteries  is  bright  red ;  and  in  the  ordinary  Telns^ 
lilte  the  cutaneons  or  muscular,  it  is  dark  bine,  almost  black. 
It  is  red  in  the  veins  coming  from  glands  during  secretion,  and 
darlc  during  the  intervals  of  secretion. 


Anatomical  Mementa  qf  the  Mood. 

In  1601,  the  celebrated  anatomist,  Malpighi,  in  examining 
the  blood  of  the  hedgehog  with  the  feeble  and  imperfect 
lenses  at  his  command,  discovered  little  floating  particles 
which  he  mistook  for  granules  of  fat,  but  which  were  the 
blood-corpnscles.  lie  did  not  extend  his  observations  in 
this  direction;  but  a  few  years  later  (1673),  leenwen- 
hoek,  by  the  aid  of  simple  lenses  of  his  own  constractioi), 
varying  in  magnifying  power  from  40  to  100  diameters,  first 
saw  the  corpuaclea  of  human  blood,  which  he  minutely 
described  in  a  paper  published  in  the  Philosophical  Trans- 
actions, in  l&li.  To  bim  is  generally  ascribed  the  honor  of 
the  discovery  of  the  blood-corpuscles.  About  a  century  later, 
William  Hewson  *  described  anotlicr  kind  of  corpuscles  in 
the  blood,  which  are  much  less  abundant  than  the  red,  and 
which  are  now  known  under  the  name  of  white  globules,  or  * 
as  they  have  lately  been  called  by  Eobin,  leucocytes. 

"Williout  following  the  progress  of  microscopic  inve6tig&> 

'  BcMcuiR,  op,  eil.,  tome  L,  p.  S4e. 

'  The  Works  of  William  Bcvaon,  F.  It.  S.,  SvdcuIiaQi  Society  ediUon,  Loadou, 
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tions  into  tbe  conBtitntion  of  tbe  blood,  it  may  be  stated 
tbat  it  is  now  knon'ii  to  bo  eomposeU  of  a  clear  fltiW,  tbe 
Plasma,  or  liquor  aati^inU,  holding  eertiwn  corpnscles  in 
BuspeusioH.     These  corpiiaclea  are 

1.  Hed  Coppu9i^£S,'  by  far  tbe  most  abundant,  constituting 
about  one-half  of  the  mass  of  blood. 

2.  Leufocytef,  or  White  Corpuml^  /  mucli  less  abundant, 
existing  only  in  tbe  proportion  of  one  to  several  hundred  red 
corpuscles. 

3.  Granules;  atceedingly  minute,  called,  by  Hilne- 
Edwards,  globulins,  and  by  KiJlliker,  elementary  granules. 
These  are  few  in  number,  and  are  undoubtedly  fatty  particles 
from  tlje  cliyle.  They  are  to  be  regarded  as  accidental  con- 
Btitnents  of  the  blood. 

Jied  Corpuscles. — Tiiese  little  bodies  give  to  tbe  blood  its 
red  color  and  its  opacity.  Tbey  are  true  oi^nized  structures, 
containing organic-nitrogenized  and  inoiganic  elements molec- 
olarly  united,  and,  as  an  exception  to  the  general  rule,  a  lit- 
tle fatty  matter  in  union  with  tlieir  organic  principle.  Like 
otlier  organized  stmctures,  they  are  constantly  mideigoing 
decay,  and  are  capable  of  aelf-regeueration.  They  colistitute 
about  onf-haU"  tbo  mass  of  blood,  and,  according  to  the  obser- 
vations of  all  who  have  investigated  this  subject,  are  more 
abandaut  in  tiie  male  than  in  the  female ;  this  constituting, 
perhaj>8,  the  only  constant  difference  in  the  composition  of 
the  bloo<I  hi  the  sexes. 

Tlie  form  of  tbe  blood-coi-puscles  is  peculiar.  They  are 
flattened,  hi-eoncave,  circular  disks,  with  a  thickness  of  from 
oue-fonrih  to  one-tliird  of  their  diameter.  Their  edges  are 
roHnded,  and  the  thin  central  portion  occupies  about  one-half 
of  their  diameter.  Their  consistence  is  not  much  greater 
than  that  of  tbe  plasma.  ITiey  are  very  elastic,  and  if  de- 
formed by  pressure,  iinraediately  resume  their  original  shape 
wlien  the  pressure  is  removed.  Their  spcciiic  gravity  is  somc- 
irhat  greater  than  that  of  the  plasma. 
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Tlie  peculiar  form  of  tlie  blood-corpueclee  girea  them  a 
very  characteristic  appearance  tinder  the  uiieroscope.  "When 
examined  with  a  inagDitying  jMjwer  of  from  300  to  500 
diameters,  those  which  present  their  flat  surfaces  have  a 
shaded  centre,  when  the  edges  are  in  focus.  Before  we  were 
in  poeaesaion  of  the  perfect  instruraents  now  used  in  niicro- 
ecopie  investigation,  this  spot  was  supposed  to  be  a  naclens 
liaving  a  constitution  different  from  the  rest  of  the  corpuscle. 
Now  this  is  understood  to  be  nn  optical  effect,  the  result  of 
the  form  of  the  corpuscle ;  their  bi-concavity  rendering  it  im- 
poseihle  for  the  centre  and  edges  to  he  exactly  in  focus  at 
the  same  instant,  so  that  when  the  edges  are  in  focus  the 
centre  is  dark,  and  when  the  centre  ia  bright  the  edges  are 
shaded. 

As  the  blood-corpuscles  are  examined  by  the  microscope 
by  transmitted  light,  they  are  <juite  transparent,  and  of  a 
pale  amber  color.  It  is  only  when  tliey  are  collected  in 
masses  that  thej  present  the  red  tint  characteristic  of  blood 
as  it  appears  to  the  naked  eye.  This  yellow  or  amber  tint  ia 
I'baracteristic.  A  pretty  good  idea  of  it  may  be  obtained  by 
largely  diluting  blood  in  a  test  tube  and  holding  it  between 
the  eye  and  the  light. 

In  examining  blood  under  the  microscope,  the  corpuselee 
are  seen  in  many  different  positions ;  some  flat,  some  on  their 
edges,  etc.  This  assists  us  in  recognizing  their  peculiar 
form. 

It  has  been  observed  by  microscopists  tliat  the  blood- 
corpuscles  have  &  remarkable  tendency  to  arrange  themselves 
in  rows  like  rovlt-aux  of  coin.  This  lias  attracted  univenal 
attention,  and  for  a  long  time  was  not  satiafactorily  cxpluned. 
Itobin  liiis  lately  given  us  what  seems  to  he  the  true  explana- 
tion of  this  phenomenon.'     This  observer  has  shown  that 


'  KoaiS,  Sur  quttquet  PoinU  dt  tAnatomU  il  de  la  Phflioloffit  da  GMntm 
Jievge*  du  Satiff. — Journal  de  la  P/ii/tio!ope  de  tMomme  tt  dm  Ammaux, 
Ttnt,  1868,  tomo  L,  p.  209. 
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Bhortly  after  removal  from  tJie  vessels,  there  exudes  from  the 
corpiiBcIis  an  adhesive  eubstanee  ■which  smears  their  sm^ace 
and  causes  them  to  stick  together.  Of  conreo  the  lendencj 
is  to  adhere  by  tlieir  flat  surfaces.  In  examining  a  ej>ecimen 
of  blood  nnder  the  microscope,  the  presence  of  this  adheaire 
exudation  may  be  demonstrated  by  employing  firm  and 
gradanl  pressure  on  the  glase  cover,  when  the  adherent  cor- 
puscles may  be  separated  in  some  instances,  and  with  oblique 
light  we  can  sometinies  see  a  little  transparent  filament  be- 
tween them,  which  draws  them  together,  as  it  were,  when 
the  pressure  is  removed.  This  phenomenon  is  due  to  a  post 
mortem  change,  but  it  occurs  so  soon,  that  it  presents  itself  in 
nearly  every  specimen  of  fresh  blood  which  wc  examine,  and 
is  therefore  mentioned  in  connection  with  the  normal  charac- 
ters of  the  blood-corpuscles. 

Zihnensions, — ^The  diameter  of  the  blood-corpuscles  has  a 
more  than  ordinary  anatomical  interest ;  for,  varj-ing  [lerhaps 
lese  in  size  than  in  other  anatomical  elements,  they  are  rather 
taken  as  the  standard  by  which  we  form  an  idea  of  the  size 
of  other  nucroecopic  objects.  The  diameter  usually  given  is 
yjij  of  an  inch.  The  esact  measurement  given  by  Robin  is 
.0073  of  a  millimitrd'  or  3^5^  of  an  inch.  It  is  stated  by 
eome  authors  that  the  size  of  the  cori>uscle8  is  very  variable, 
even  in  a  single  specimen  of  blood.  AVe  have  repeatedly 
measured  them  with  tho  eye-piece  micrometer  of  Nachet, 
and  found  a  diameter  of  ^j'ls  of  ^^  inch.  Very  few  are  to 
bo  found  which  vary  from  this  measurement.  Kotltker,  who 
gives  their  average  diameter  as  j,Vt  of  an  inch,  states  that 
"  at  least  ninety-five  cat  of  every  hundred  corpuscles  are  of 
the  same  size."' 

We  cannot  leave  the  subject  of  the  size  of  the  blood-cor- 
poacles  without  a  notice  of  the  measurements  in  tha  blood  of 
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different  animals.  This  point  is  interesting  from  the  fact 
that  it  13  often  an  important  question  to  determine  whether  & 
given  specimen  of  blood  be  from  tlie  liuman  subject  or  one 
of  the  inferior  animals.  Comparative  rneasuremeate  also 
have  an  interest  on  account  of  a  relation  which  seems  to 
exist  in  the  animal  scale  between  the  size  of  the  blood-cor- 
puseles,  and  muscular  activity.  In  sU  the  mammalia,  with 
the  exception  of  tlic  camel  and  lama,  in  which  they  are  oval, 
the  blood-corpuscles  have  the  same  anatomical  characters  as 
in  the  human  subject ;  the  only  difference  is  in  size.  In  only 
two  animals,  the  elephant  and  sloth,  are  they  larger  than  in 
man ;  in  all  others  they  are  smaller,  or  of  nearly  the  same 
diameter.  By  reference  to  the  table  it  will  be  seen  that  in 
some  animals  the  corpuscles  are  very  much  smaller  than  in 
man  ;  and  by  accurate  measurement,  we  are  enabled  to  diR-  ' 
tioguish  their  blood  from  the  blood  of  the  human  snbject. 
Bnt  in  forming  an  opinion  on  this  snbject,  it  must  be  remem- 
])ered  that  there  is  some  variation  in  the  size  of  the  corpuscles  | 
of  the  same  animal.  We  can  easily  distinguish  the  blood  of  ' 
the  human  subject,  or  of  the  mammals  generally,  from  that 
of  birds,  fishes,  or  reptiles  ;  for  in  these  classes  of  animals  tbo 
corpuscles  are  oval  and  contain  a  granular  nucleus. 

Milne-Edwards  has  attempted  to  show,  by  a  comparison 
of  the  diameter  of  the  blood-corpuscles  in  different  spedee, 
that  their  dimensions  are  in  inverse  ratio  to  the  muBcnl&r   | 
activity  of  the  animal'     Reference  to  the  table  will  ebov 
that  this  relation  holds  good  to  a  certain  extent,  while  there 
certainly  exists  none  between  the  size  of  the  corpuscle  and 
the  size  of  the  animaL     In  deer,  which  are  remarkable  far  > 
their  mnscular  activity,  tlie  corpuscles  are  very  small,  jiVr  I 
of  an  inch ;  while  in  the  sloth  they  are  3  jV^,  and  in  the  ape,   1 
which  is  comparatively  inactive,  j-^tj,.    But,  on  the  other  I 
hand,  in  the  dog,  which  is  quite  active,  we  have  a  corpneclo  I 


•  JtiL-VB-EpwinDR,    Lr{Vfa  lur   In   Ph'jiiologii 
W  L,  p.  87  tl  iry. 
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f  of  an  iDcli,  and  in  the  ox,  which  is  certainly  not  so 
Ere,  the  diameter  of  the  corpuscle  is  jJjj  of  an  inch. 
Thoogh  this  relation  between  the  sixe  of  the  blood-corposclea 
and  maBcular  activity  is  not  invariable,  it  is  certain  that  the 
higher  we  go  in  the  great  classes  of  animals,  the  eiiialler  the 
lilood-corpuBcle  becomes ;  the  largest  being  found  in  the  lowest 
orders  of  reptiles,  and  the  smallest  in  the  mammalia.  In  the 
blood  of  the  invertebrates,  with  a  few  exceptions,'  we  find  no 
colored  corpuscles. 

Table  of  Measurementa  of  lied  Oorpitscles. 

Thia  table  is  Ukea  from  the  table  of  Ur.  GullJTcr,  publjslicd  in  tbe  ^drahnm 
(dition  cpf  Bckbod'a  Works,  p*ge  !37.  Kearlj  five  h'jndred  eneasnrcnieniB  were 
duiIg  by  Ur.  Gullirer ;  sad  of  llicse,  oeo  hundred  of  tbs  moat  imporluit  Iiare  been 
■elected.  It  vill  be  obsetrcd  lliat  the  diamttcr  of  the  huioaa  blood-corpuBcle  Is 
gTMlvr  lh>a  (bat  gen<>raI1j  giien.  It  must  be  bomc  in  mind  thst  oil  these  meu- 
unnaimts  ore  mere  ipproiimatians ;  but  u  such  thef  ftre  uaeliil,  as  ilioiritig  tba 
nJAtioiii  of  the  corpuscles  in  diflcrcnl  animiLi,  and  eaabling  ua  to  diatiagaisb 
the  blood  of  the  biunui  subject  from  that  of  some  of  the  inferior  «''iTnnl« ; 
ft  IQCstioa  which  is  often  of  Tital  importance.  Tbe  meaaaremeaU  are  all  given 
JD  IiBclioiu  of  an  ^gliah  inch ;  and  in  making  the  selectloliB,  the  common  namea 
oTlheuumala  bare  been  subeUtuteil  for  Ihoteclimcal  names  giTcn  in  tbe  or^JntL 


^^Kl 


burang-OatAng, 
Blwk  MoQkev,       . 
B«d  Ucmkej,      . 
Cnpe  Babwn, 
Brown  Snboon, 
Dog-fhccd  Baboon, 
Loi^  Monkey,    . 


MAMMALS, 
Corfnuclt*  Cirrtiiar. 
munetu. 

tilt  Hog, 

ffyj  Indian  Elephant, 

i^  Indiiin  IthinocenM. 

uVt  Eoree,    . 

Tjii  Ass,  . 

xi'i»  stag,     . 

tfKj  Fallow  Deer, 

a  1,')  I  Virginia  Deer, 


w,. 


'  Xete  tur  VEanteitct  ie  Qlobtdrt  de  Sang  colorit  tha  plutittir*  J'animma  in- 

rrrlHrit.    Tar  It  Dvelair  Cn.  RoiraET.    Jvumal  de  la  Pligtiolegif,  Ac,  Pari?, 

1899,  tome  ii.,  p.  660.    Id  this  article  Dr.  Rougct  dlea  a  number  of  inTertebnte 

animal*,  in  the  blood  of  vhlch  be  his  found  corpuscular  clcmenls.    This  is  op 

Md  to  llie  general  idea  that  corpueelcs  euBt  o;>l;  in  the  bJood  of  the  Tcru 
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Bat,         .         .         •         . 

Long-eared  Bat^ 

Hole,     .        •       •       • 

Hedgehog, 

Badger, 

Polar  Bear, 

Brown  Bear  of  Europe, 

Black  Bear  of  N.  America, 

Racoon, 

Dog,  •       .        .        . 

Fox,       .... 

Jackal, 

W0I4     .... 

Striped  Hyena,   . 

Spotted  Hyena, 

Cat^    .... 

Lion,      .... 

Tiger, 

Leopard, 

Panther,     • 

Ferret,  .... 

Weasel, 

Polecat, 


Diameter. 


Seal,      . 
Porpoise,    . 


4BT 


ITBT 
1 


At 


At 
I 

TIT 


At 
tAt 
At 


At 
tAit 
At 
At 


At 
At 


At 

rAr 

At 
1 


rrr 


Giraffe, 
Antelope, 
Gazelle,     • 
Goat, 
Sheep, 
Ox, 
Buffalo,     . 
Husk  Deer  of  Java, 
Flying  Squirrel, 
Red  Squirrel, 
Black  Squirrel, 
Gray  Squirrel, 
Harmot,    • 
Brown  Rat,  . 
Black  Rat, 
Mouse,  • 
Water  Rat, 
Porcupine,     . 
Beaver, 
Guinea  Pig,  . 
Rahhit, 

Two-toed  Sloth 
Opossum, 
Kangaroo, 


yjVx    Dromedary  (oval), 
yg^    Camel  (oval), 


Diameter. 

tAt 
iAt 
iAy 
tAt 
tAt 
tAt 
tAt 

TTITT 

tAt 

tAt 
tAt 
tAt 

tAt 
tAt 
tAt 
rAr 
rAr 
tAt 
tAt 
tAt 
tsVt 
tAt 
tAt 

L.  dlam.  8.  dJam. 

tAt   tAi 
tAt    tAt 


BIRDS. 


Corpuscles  Oval. 


Eagle  (ring-tailed), 
Owl, 
Jay,     . 
Raven,     . 
Starling, 
Wren, 

Sparrow,  . 
Woodpecker, 
Swallow,  . 
Stork,      . 


Long 
Diameter. 

•  tAt 
tAt 

•  Wrr 
1  At 

•  tAt 
yAt 

•  iAt 
tAt 

•  rfrr 
tAf 


Short 
Diameter. 

,tjVt  I^igeon, 

f^i-f  Turtle-dove,    . 

n*«T  Peacock, 

^A-y  Cock, 

Y^f  Turkey, 

-^ff^  Guinea-fowl,  . 

lAy  Goose,    . 

lAff  Swan, 

,^y  Duck,     . 


Long 
DiamV. 

tAt 
tAt 
tAt 
fAt 
iAt 
»At 
iAt 
tAt 
tAt 
1  At 


Sbrrt 
DfaunV. 

•«At 
tAt 
rAr 

tAt 

tAt 
tAt 
iAt 

?Ai 
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Green  tnrtie, 
Land  tortoise, 


BEFTILES. 

Carpu9€le$  Ovaf, 

Long     Short 
DiamV.  DIun>. 

■nftn    nW    Lizard, 
Tnv    TtTS     V iper, 


Long      Short 
DIun'r.  Diam>. 


Frog,  . 


AMPHIBIA. 


CorpuMcla  Oval. 

Long     Short 
DIun>.  DUm'r. 

tAtt 


tAt    Toad, 


Long      Short 
Diam'r.  DijunV. 

tAt 


tAt 


Perch, 
Carp, 


FISHES. 
Corpuscles  Oval, 


Long     Short 
DUmY.  BlamV. 

rArr 


rAr 
tAt 


nA 


Pike, 
Eel. 


Long      Short 
DUmV.  DlamV. 

tAt    rAr 


Post-mortem  Changes  qfJBlood-Corjmscles, — In  examining 
the  fresh  blood  under  the  microscope,  after  the  specimen  has 
been  under  observation  a  short  time,  the  corpuscles  assume  a 
peculiar  appearance,  from  the  development  on  their  surface 
of  very  minute  rounded  projections,  like  the  granules  of  a 
raspberry;  indeed  they  are  said  by  the  French  to  become 
framioiseeSj  which  expresses  the  appearance  very  well,  A 
little  later,  when  they  have  become  desiccated  to  a  certain 
extent,  they  present  a  shrunken  appearance,  and  their  edges 
become  serrated.  Under  these  circumstances,  their  original 
form  may  be  restored  by  adding  to  the  specimen  a  liquid  of 
the  density  of  the  serum.  When  they  have  been  completely 
dried,  as  in  blood  spilled  upon  clothing  or  a  floor,  months 
or  even  years  after,  they  can  be  made  to  assume  their  char- 
acteristic form  by  being  carefully  moistened  with  an  appro- 
priate fluid.  This  property  is  tdcen  advantage  of  in  exami- 
nations of  old  spots  supposed  to  be  blood ;  and  if  the  manipu- 
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latioBB  be  carefully  condncted,  the  corpuscles  may  he  recog- 
nized without  difficulty  by  the  microscope.' 

If  pure  water  be  added  to  a  epecimen  of  blood  under  the 
microscope,  the  corpuscles  will  first  swell  up,  become  spher- 
ical, and  are  finaUy  lost  to  view  by  solution.  The  same  efiect 
follows  almost  instantaneously  on  the  addition  of  acetic  acid. 

Structure, — Tlie  structure  of  the  blood-corpnscles  is  very 
simple.  They  are  perfectly  horaogeneous,  presenting,  in 
their  normal  condition,  no  nuclei  nor  granules,  and  are  not 
provided  with  an  investing  membrane.  A  great  deal  has 
been  said  by  anatomists  concerning  this  latter  point,  and 
many  are  of  the  opinion  that  they  are  cellular  in  thek  stmc- 
ture,  being  composed  of  a  incmbrane,  with  viscid,  semi-fluid 
contents.  Without  going  fully  into  the  discussion  of  this 
point,  it  may  be  stated  that  few  have  assumed  actually  to 
demonstrate  this  membrane ;  but  they  have,  for  the  most 
part,  inferred  its  existence  from  the  fact  of  the  swelhng,  and 
as  they  terra  it,  bursting  on  the  addition  of  water ;  and  par- 
ticularly, as  it  seems  to  me,  to  make  the  blood-corpuscles 
obey  the  theoretical  laws  of  cell-development  and  nntritioQ 
hiid  down  by  Schwann.  Their  great  elasticity,  the  persist- 
ence with  which  they  preserve  their  bi-concave  form,  and 
their  general  appearance,  would  rather  favor  the  idea  that 
they  ai"e  homogeneous  bodies  of  a  definite  shape,  than  that 
they  have  a  cell-wall  with  semi-fluid  contents;  especially  aa 
the  existence  of  a  membrane  has  been  inferred  rather  th&n 
demonstrated.  Their  mode  of  nutrition  is  like  that  of  any 
other  anatomical  elements.  They  are  continually  bathed  in 
a  nutritive  fluid,  the  plasma,  and  as  fast  as  their  substance 
becomes  worn  out  and  efi'ete,  new  material  is  supplied.  In 
tliia  way  tliey  undei^  the  same  changes  as  other  anatomical 
elements.     When  destroyed,  or  removed  from  the  body  in 

'  For  full  dlrcctJoDB  for  the  eiomiiuitiini  of  blood  slaina,  the  reader  !•  refkred 
la  an  irticlo  on  tlie  inpdic»Jvgal  ciamiDBlJOD  of  spots  of  blood  bv  Bobin,  in  &« 
Baffaia  Medical  Journal,  1B5T-'SS.     Vol  uii.,  p.  SH 
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hemorrliagcs,  new  corpuscles  are  gradually  developed,  nntil 
their  qnantity  readies  the  normal  etandard.  Tlins  in  tlie 
anemia  wiiieli  follows  coosiderable  loss  of  blood,  the  color 
gnidu&lly  returns  with  the  development  of  the  corpDsclea. 

I  Ch«Tfii<xA  Characters. — In  all  chemical  analyEes  of  the 
■oq^Bscles,  the  proportions  of  dried  constituents  only 

B  given.  As  we  have  seen  in  treating  of  organic-nitrcgen- 
ised  elemcnta,  BQch  estimatee  give  no  idea  of  the  actual  pro- 
portious  of  the  organic  constituents  of  fluids  or  tissues.  "We 
mast  consider  the  corpuscles  as  oi^nized  bodies,  con^ting 
almost  entirely  of  globnline,  with  which  are  combined  a 
small  qnantityof  liseniatiue,  or  coloring  matter,  fat,  and  cer- 
tain inorganic  salts,  from  which  it  cannot  be  separated  with- 
ont  decomposition.  The  chemical  characters  of  globnline 
have  already  been  considered,'  The  iron  wliich  tlie  hlood 
contains  is  regarded  as  existing  in  tlie  Liematine.  Its  pres- 
ence can  readily  be  demonstrated  in  a  single  drop  of  blood 
by  addiog  nitric  acid  and  evaporating,  which  reduces  it  to 
the  condition  of  a  per-oxide,  when  a  red  color  is  produced  on 
the  addition  of  the  sulpho-cyanide  of  potassium.  The  irou 
is  molecularly  united  with  the  other  constituents,  probably 
as  iron,  and  not  as  an  oxide,  as  lias  been  supposed  by  some.' 
The  fat  which  ia  found  in  the  corpuscles  forms  an  exception 
to  the  general  law  regulating  the  condition  of  this  principle 
in  the  tissues,  namely,  that  it  is  always  uncombined  with 

'  FiA  page  90. 

*AfEUl;  have  long  been  obscrrcd  in  blotxl  un<kr  ivrl^n  ditmuiUnce*. 
Sr  ETcrhipl  Uome  fine  oliurved  tlieio  in  the  c1ot3  of  tnouristnal  sics  in  1880. 
Knee  tlicn  tbej  liave  been  described  b;  Schcrer,  YircboT,  and  othcn,  aai  by 
outn;  arc  luppoied  to  be  pare  bsnutine,  or  the  nonniil  coloring  mitlter  of  the  red 
ewpatcUa.  BoUn  and  Terdeil,  who  bnre  studied  them  icry  cloeelj,  do  not  con- 
rider  tbeic  crjn«]l  u  coostituting  a  proximalo  principle,  but  aa  fonnod  by  an 
aUcralion  nf  tbe  btrmatiDo,  oonsisting  in  the  Babedtulion  of  irater  for  th«  iron. 
By  cucfol  analyiia,  tbcse  observera  bare  iailed  to  detect  an;  ii«n  etitering  into 
They  are  treated  of  in  tbcnr  "  ClatnU  Anatomiqw,"  under 
Op.  rU.,  tome  ill.,  pn.  376  nnd  480,   and  Xytlm'M  Dictionary, 
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other  principles,  existing  as  adipose  tiasne  or  in  granules. 
Here  it  ia  molecularly  united  with  the  other  elements. 

In  accordance  with  the  invariablo  law,  that  tlie  organio 

nitrogenized  elements  of  tJie  body  are  combined  with  inor- 
ganic principles,  we  find  entering  into  the  comptsition  of  the 
blood-corpusclea  certain  inorganic  salts.  Tliese  all  exist  in 
the  plasma  in  about  the  eaine  proportions  as  in  the  cor- 
pnscles.  In  short,  as  we  shall  see  when  we  take  np  the  com- 
position of  the  entire  blood,  tlie  corpuscles  differ  from  the 
plasma  only  in  the  fact  that  they  contain  coloring  matter  and 
globulioc,  instead  of  fibrin  and  albumen,  and  that  the  fat  is 
united  with  the  organic  matter  instead  of  being  in  distinct 
granules.  In  all  other  respects  their  composition  is  nearly 
identical.  "We  can  thus  appreciate  how  favorable  tlicir  con- 
stitntion  and  eltuation  are  for  their  nutrition  at  the  expense 
of  elements  furnished  by  the  plasma.' 

Devdopriient  of  the  Blood-CorpuscUe. — Very  early  in  the 
development  of  the  ovum  the  blood-vessels  appear,  conBti- 

*  LcbmiiiiD  give*  the  folloving  lablo  Bhoving  the  componllTG  compomtion  of 
t!iG  corpuscles  iLnd  plasme.;  tbe  organic  mattera  being  desiccated. 


lOW  parts  of  Bl«rf-C«piucl« 
conUIs; 

EpHlflo  Oniitj.  lOSSS. 

spooioc  fnvitr.  i-va 
PibiiB. 

-isr 

.. ..  a-eo 

KilncllTa  milUn, 

MIninl  labibuiHi  (nrllliont  Icon). 

Sodium, 

"{Kira 

Pl.M{lluMOtUlM,tl.l^ 

RiMi^leafUuDtdm 

...ifza 

~PhytU>tt>ffital  Chmiiirg.    PMludelphia,  1808 ;  roL  i..  o,  B4S. 


tilting  what  is  called  the  area  vasculosa.  At  tirst  the  veasek 
are  Ailed  with  a  colorless  fluid,  ■which  soon  becomes  yellow, 
and  when  the  emhryo  is  abont  one-tenth  of  an  inch  in  length, 
becomes  red,  and  the  corpuscles  make  their  appeanince.  From 
this  time  until  the  sisth  to  the  eighth  week,  they  are  from 
30  to  100  per  cent,  larger  than  in  the  adult.  Most  of  them 
are  circular,  but  some  are  ovoid,  and  a  few  are  glohular.  At 
this  period,  nearli/  ail  of  them,  are  iprtrvided _with  a  jiikIcus; 
but  from  the  first,  there  are  some  in  which  this  is  wanting. 
The  nacleuB  ia  from  -^^  to  ini'ini  **^  ^"  irnih  in  diameter, 
globular,  granular,  and  insoluble  in  water  and  acetic  acid. 
As  development  advances,  these  nucleated  corpuscles  are 
gradually  lost;  but  even  at  the  fourth  month  we  may  still 
see  a  few  remaining.  After  this  time  they  present  no  ana- 
tomical djtfereucea  from  the  blood-corpnscles  in  the  adult, 

In  many  works  on  physiology  and  microscopic  anatomy, 
we  find  accounts  of  the  development  of  the  red  corpnscles 
from  the  colorless  corpuBcIes,  or  leucocytes,  which  are  sup- 
posed to  become  disintegrated,  their  particles  becoming  de- 
vdoped  into  red  corpuscles ;  but  there  seems  to  be  no  sulK- 
clent  evidence  that  euch  a  process  takes  place.  The  rod 
cori>useles  appear  before  the  leucocytes  are  formed;'  and  it 
ia  only  tiie  fact  that  tlie  two  varieties  coexist  in  the  blood- 
vessels which  has  given  rise  to  such  a  iheoiy.  It  is  most 
reasonable  to  consider  tliat  the  red  corpuscles  are  formed  by 
a  tjne  genesis  in  tlie  aanguineons  blastema,  We  can  oflfer 
no  satisfactoiy  explanation  of  Ihe  process  by  which  the  tissues 
are  formed  irom  their  blastema,  nor  can  we  explain  tlie  way 
in  which  the  blood-corpuscles,  which  are  true  anatomical 
elements,  take  their  origin.  There  is  furtheroftre  no  saffi- 
tient  eridenco  that  any  particnlar  organ  or  oigans  have  the 
function  of  producing  the  blood-corpuseles.  llewson  sup- 
posed that  they  were  formed  in  the  spleen.  Ivulliker  is  of 
the  opinion  that   they  ai-e  destroyed  in  the  si>!een.     It  ia 


'  LoKQtT,      Train  de  Phy»ialo^e,    tome  L,  p.  T15. 
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r^arded  hy  fiome  as  a  necessity  that  there  Bhoald  be  an  orgoa 
fop  the  deetnietioQ  of  the  corpnaclefi,  and  one  for  their  forma- 
tion. Ke^arding  them,  as  wo  certainly  must,  as  oi^anized 
bodies  which  are  essential  anatomical  elements  of  the  blood, 
it  is  difficult  to  imagine  what  reasons,  based  on  their  function, 
sliould  lead  physiologists  to  seek  so  persistently  after  an 
organ  for  tbetr  destruction.  The  hypothesis  that  they  are 
used  in  the  formation  of  pigment  seems  hardly  sufficient  to 
account  for  this. 

In  the  present  state  of  our  science,  the  following  seer 
be  the  most  rational  views  with  regard  to  tbe  deTolopment 
and  nutrition  of  the  blood-eorpnseles  : 

1.  At  their  first  appearance  in  the  ovum,  they  are  formed 
by  no  special  organs,  for  no  special  organs  exist  at  that  time, 
but  ap])ear  by  genesis  in  the  sanguiueous  blastema, 

2.  When  fully  formed,  they  are  regularly  organized  ana- 
tomical elements,  subject  to  the  same  laws  of  gradual  molec- 
ular waste  and  repair  as  any  of  t!ie  tissues, 

3.  They  are  generated  de  novo  in  the  adnlt,  when  dim' 
ished  in  quantity  by  hemorrhage  or  otherwise,  and  under 
these  circumstances  they  are  probably  formed  in  the  liquor 
sanguinis  by  the  same  process  by  which  they  take  their  origin 
in  the  ovum, 

FuiKtwn  of  the  Blood-Corpuades. — Thongh  the  fibrin 
and  albumen  of  the  plasma  of  the  blood  are  essential  to 
nutrition,  the  red  corpuscles  are  tlie  parts  most  immediately 
necessary  to  life.  We  have  already  seen,  in  treating  of  trana- 
fusion,  that  life  may  be  restored  to  an  animal  in  which  tba 
functions  have  been  suspended  from  hemorrhage,  by  the  in- 
troduction of  fresh  blood ;  and  while  it  is  not  necessary  that 
this  blood  should  contain  fibrin,  it  has  been  shown  by  the 
experiments  of  Provost  and  Dumas  and  others,  tliat  the 
introduction  of  serum,  without  the  corpuscles,  has  no  resto- 
rative effect.  When  all  the  arteries  leading  to  a  part  are 
ligated,  the  tissues  lose  their  properties  of  contractility,  sen- 
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■ibilit^,  &C.,  wliicli  may  be  restored,  however,  by  etipplying 
it  sgaiD  witJi  tbe  vivifying  fluid.  We  shall  see  when  we 
come  to  treat  of  the  ftmction  of  Kespiration,  that  one  great 
diathtction  between  the  corpuscular  and  fluid  elements  of  the 
blood,  is  the  great  capacity  which  the  fbrmer  have  for  abaorb- 
ioggsEes.  Direct  observations  have  shown  that  blood  will  ab- 
6orb  ten  to  thirteen  times  as  much  oxj'gen  as  an  equal  bulk 
of  vster.  This  is  dependent  almost  entirely  on  the  presence 
of  the  red  cta-pUBclea.'  As  all  the  tissues  are  continually 
absorbing  oxygen  and  giving  off  carbonic  acid,  a  property 
which  is  immediately  essential  to  a  continuance  of  vitality, 
a  great  fimction  of  the  corpuscles  is  to  carry  this  principle  to 
all  parts  of  tlie  body.  Iq  the  present  state  of  our  knowledge, 
this  is  tbe  only  well-defined  function  which  can  be  attributed 
to  the  red  corpnecles,  and  it  undoubtedly  is  the  principal  one. 
They  have  an  affinity,  though  not  so  great,  for  carbonic  acid, 
which,  a(ler  the  blood  has  circulated  in  the  capillaries  of  tbe 
syEtetn,  takes  tlie  place  of  the  oxygen.  In  some  experiments 
performed  a  few  yeare  ago  on  the  effects  of  hemorrhage 
and  the  location  of  the  "  besoin  <le  retpiror"  it  was  shown 
that  one  of  the  results  of  removal  of  blood  from  the  system, 
was  a  condition  of  asphyxia,  dependent  upon  the  absence  of 
these  respiratory  elements.'  The  following  may  then  be 
stated  as  the  principal  function  of  the  red  corpuscles  of  the 
blood : 

They  are  respiratory  organs ;  taking  up  the  greater  part 
of  the  oxygeu  which  is  absorbed  by  the  blood  in  its  passage 
through  the  lungs,  and  conveying  it  to  the  tissues,  where  it 
ia  given  ap,  and  its  place  supplied  by  carbonic  acid. 

ZeucoojUijOr  White  Corptiacles  of  the  Blood. — In  addition 
to  t}te  red  corpuscles  of  the  blood,  this  fluid  always  contains 
a  number  of  colorless  bodies,  globular  in  form,  in  the  sub- 

'  Roflis  and  Teriiiil,  ep.  rU.,  tomo  il,  p.  S2. 

'Scauiultclc  bj %tie  AaliiCT'aithe  4nitricaii  Journal  n/ Iht ifrdii-nl Scieit'o, 
OctobiT  ISO). 
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stance  of  whicli  are  embeddeJ  a  greater  or  less  number  of 
minute  granules.  These  have  been  called  by  Kobin,  Leucocytes. 
ThU  name  seems  more  appropriate  tlian  that  of  white  or 
colorless  blood-corpuscles,  inasmuch  as  they  are  not  peculiar 
to  the  blood,  but  are  found  in  the  IjTnph,  cbyle,  pus,  and 
various  other  fluids,  in  which  they  were  formerly  known  by 
different  names.  All  who  have  been  in  the  habit  of  exam- 
ining the  animal  fluids  microscopically,  mnst  have  noticed 
the  great  similarity  existing  between  tho  corpuscular  ele- 
ments found  ill  the  above-mentioned  situations.  As  mi- 
croscopes have  been  improved,  and  as  investigations  have 
become  more  exact,  the  varieties  of  corpuscles  have  been 
narrowed  down.  Now  it  is  pretty  generally  acknowledged 
that  the  corpuscles  found  in  mucus  and  pus  are  identical ; 
also  that  there  is  no  diSerence  between  the  white  eorpusclea 
found  in  the  lymph,  chyle,  and  blood ;  and  finally,  the  receat 
investigations  of  Robin  have  shown  that  all  of  these  bodies, 
■which  were  formerly  supposed  to  present  marked  distinctive 
characters,  belong  to  the  same  class,  presenting  hut  slight 
differences  in  different  eitnations.  The  description  which 
mil  he  given  of  the  white  corpuscles  of  the  blood,  and  the 
eftVcts  of  reagents  upon  them,  will  answer,  in  the  main,  for 
all  that  are  grouped  under  the  name  of  Leucocytes.' 

Leucocytes  are  normally  fouud  in  the  Blood,  Lymph, 
Chyle,  Semen,  Colostrum,  and  Vitreous  llumor.  Patholog- 
ically they  are  found  in  the  secretion  of  mucous  membranes, 
after  the  slightest  irritation,  and  in  inflammatory  product*, 
when  tliey  are  esWed  pua-cor^usdea. 

In  examining  a  specimen  of  hlood  with  the  microscope, 
wo  immediately  notice  the  marked  difference  between  the 
leucocytes  and  red  corpuscles.  The  former  are  globular, 
with  a  smooth  surface,  but  rendered  somewhat  opaque  by 

'For  a  full  account  of  tlicAoatomj  and  riijHologir  of  Uicse  bodies,  the  r«*der 
Is  referred  to  an  elaborate  irticlo  on  this  subject  by  Roliin  in  lie  Journal  dt  ta 
PhyiohgU,  tome  it,  p.  A\,  ud  the  article  "  Zfucoci/te,''  in  NtsIbu's  Dictiontrf, 
Parie,  1SB9. 
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»nce  of  more  op  less  granular  matter,  white,  and 
the  rod  corpuscles. 
In  examiaing  the  circolation  under  the  microscope,  "we 
'  arc  slniclc  with  tlie  adhesive  character  of  the  leucocytes  as 
I  compared  with  the  red  corpuficlea.  The  latter  cireiilatewith 
I  wonderful  rapidity  in  the  centre  of  the  vessel,  while  the 
I  leucocytes  have  a  tendency  to  adhere  to  the  sides,  moving 
1  along  slowly,  and  occasionally  remaining  for  a  time  enth"ely 
I  fitationarj,  nntil  they  are  swept  along  hj  a  change  in  the 
I      direotioii  or  force  of  the  current. 

^^p    Their  aize  Tariee  somewhat,  even  in    any  one   fluid, 
^^^K&e  blood.     Their  average  diameter  may  be  stated  aa 
^^B^  of  an  inch.    It  is  in  pus,  ^^-hcre  they  exist  in  greatest 
^^aBnndance,  that  their  microscopic  characters  may  be  studied 
with  greatest  advantage.    In  thisfluid,  after  it  is  discharged, 
I       the  corpnacles  sometimes  present   remarkable  deformities. 
They  become  polygonal  in  shape,  and  sometimes  ovoid ;  oc- 
casionally presenting  projections  from  their  surface,  which 
give  them  a  stellate  appearance.     Tliese  alterations,  how- 
evor,  are  only  temporary ;  and  after  from  twelve  to  twenty- 
four  hours,  they  resume  their  globular  shape.    On  the  addi- 
tion of  acetic  acid  they  swell  up,  become  transparent  with  a 
delicate  ontline,  and  present  in  their  interior  one,  two,  three, 
or  even  four  rounded  nuclear  bodies  generally  coUeelcd  in  a 
mass.    This  is  rather  to  be  considered  as  a  coagulation  of  a 
portion  of  the  corpuscle,  than  a  nucleus  brought  out  by  the 
ftction  of  the  acid,  which  renders  the  corpuscle  transparent ; 
though  in  some  it  is  seen  through  the  granules  without  the 
addition  of  any  reagent.      This   appearance   is   produced, 
though  more  sloivly,  by  the  addition  of  water. 

Leucocytes  vary  considerably  iu  their  external  characters 
in  different  situations.  Sometimes  they  are  very  pale  and 
almost  wilhout  granulations,  while  at  othera  they  are  filled 
with  fatty  granules,  and  are  not  rendered  clear  by  acetic 
acid.  As  a  rule,  they  increase  in  size  and  become  grauular 
wben  confined  in  the  tissues.    In  colostrum,  when  they  are 
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called  colostrum  corpuscleB,  tliey  generally  ondeigo  tliia 
change.'  As  the  result  of  inflamiuatory  action,  wlien  they 
are  eometimea  called  inflammatory  or  exudatioD-coi*pasclra, 
leacoeytea  frequently  become  much  hypertrophied,  and  aw 
tilled  with  fatty  granules.  They  always  retain,  howcTer, 
general  characters  by  which  they  may  be  recognized. 

DevelopiMTit  of  LeucoiryteB, — These  tiorptiseles  appear 
in  tlie  blood-veseels  Tery  early  in  fostal  life,  before  the  lym- 
phatics can  be  demonstrated.  They  arise  in  the  same  way 
as  the  red  coqjuacles,  by  genesis  from  materials  existing  in 
the  veesels.  They  appear  iu  lymphatics,  before  wo  come  to 
the  lymphatic  glands,  and  in  the  fcetos  anterior  to  the  devel 
opment  of  the  spleen,  and  also  on  the  Em'face  of  macooa 
membranes ;  so  they  cannot  be  considered  as  prodnced  exeln- 
eively  by  these  glands,  as  has  been  supposed.  There  is  no 
organ  nor  class  of  organs  in  the  body  specially  charged 
with  their  formation ;  and  though  frequently  a  result  of  in- 
flammation, this  process  is  by  no  means  necessary  for  their 
production.  Eobin'  has  carefully  noted  the  phenomena  of 
their  development  in  recent  wounds.  The  first  exudation 
consists  of  clear  fluid,  with  a  i'ew  red  corpuscles ;  tin 
flnely  granular  blastema.  In  from  a  quarter  of  an  hour  to  on 
hour,  pale  transparent  globules,  -g^^  to  ^^  of  an  inch  ia 
diameter,  make  their  appearance,  which  soon  become  finely 
granular,  and  present  the  ordinary  appearance  of  leucocytes. 
They  are  tlius  developed,  like  other  anatomical  elementa^  "by 

*  Culostrum  Is  the  diachat^  trom  tiu  mimmiary  glands,  ■M.'curruig  diniog  Ae 
first  few  dajs  ifter  ddivery,  which  precedefi  tiio  fnll  eaublishmeut  of  Hat  looUd 
BOcrcliOD.  It  is  a  serous  liuid,  nthoF  dear,  wliicb  prestDla,  od  microsc^icU 
eiuuiastion,  a  few  milk-globulcs,  Inrgo  ilivps  of  oil,  rounded  masses  of  email 
lux's  gnoulei,  snd  enlarged  aod  graaulsr  leucocytes,  colled  cdlostnus-eonniBclel^ 
u  well  81  tbotw  which  bate  utuleigone  no  ollcratJaii.  These  gradaallj  diisppeci; 
u  the  secnijon  ia  esLubUshod,  and  their  place  b  sapplied  bj  tlie  milk-globnlea. 
(Soe      Q^ottrtm,    NjEten's  Oiclioiurj,  b;  LUtii  and  Itobin ;  Taris,  IBSB.) 

*Lot.cil. 
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organization  of  the  necessary  elements  fumiehed  by  a  blas- 
tetoa,  and  not  bj  the  action  of  any  special  organ  or  urgai^. 

The  quantity  of  leucooytea  compared  to  the  red  corpugcles 
can  only  be  given  approximately.  It  has  been  estimated  by 
counting  under  the  microscope  the  red  corpnsclea  and 
lenooeytce  contaiued  in  a  certain  space.  Moleiu;hott '  gives 
tlie  proportion  aa  1 :  335 ;  others  at  from  1 :  300  to  1 :  500. 
It  has  been  found  by  Dr.  E,  Hirt,  of  Zittau,  whoso  obser- 
vutions  have  been  confirmed  by  others,  tliat  the  relative 
quantity  of  lencoeytea  is  much  increased  during  diges- 
tion. He  found  in  one  individual  a  proporlJoa  of  1: 
1800  l>efore  breakfast;  an  hour  after  breakfast,  which  he 
took  ftt  8  o'clock,  1 :  700 ;  between  11  and  1  o'clock,  1 :  1500 ; 
after  dining  at  1  o'clock,  1 :  400 ;  two  hours  after,  1 ;  1475 ; 
after  supper  at  8  P.  M.,  1 :  550 ;  at  llj  P.  M.,  1 ;  1200.'  The 
leucocytes  are  much  lighter  than  the  red  corpuscles,  and  when 
the  blood  coagulates  slowly,  are  frequently  found  forming  a 
layer  on  the  surface  of  the  clot,  which  is  called  the  "  buffy 
coat" 

Numerous  observers,  among  whom  may  be  mentioned 
Donn^,  Kijlliker,  Gray,  and  Hirt,'  have  noticed  a  great  in- 
crease in  the  number  of  leucocytes  in  the  blood  coming  from 
the  spleen,  and  have  supposed  that  they  are  chiefly  manufac- 
tured in  this  organ.  It  is  inconsistent  with  the  mode  of 
development  of  these  corpuscles  to  suppose  that  any  special 
oi^n  is  esdusively  engaged  in  their  production ;  and  their 
persistence  in  animals  af^r  extirpation  of  the  spleen  shows 
that  they  are  developed  in  other  situations. 

The  function  of  the  leucocytes  is  not  understood.  The 
SQppoeition  that  they  break  do^vn  and  become  nuclei  for  the 
development  of  red  corpuscles,  which  at  one  time  obtained, 
is  a  pure  hypotheeis,  and  has  no  basis  in  fact. 

*KOllis£K,  Maiival  of  Micrtntopit  Jnaiomt/,  Londcpn,  1880,  p.  Bal. 

*  UiLJtE-EBWjEia,  Lffoiu  mr  U  I'/ii/tioloffit  rt  CAnatomie  Comjiarit,  toma 

i.,p.  sea 

*  Ua±,  p.  3S3. 
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Elementary  Corpusdes. — ^Little  granules  are  found  in  the 
blood,  especially  daring  digestion,  which,  as  they  were 
supposed  to  take  part  in  the  formation  of  the  white  corpuscles, 
have  been  called  elementary  granules  or  corpuscles.  They 
are  little  fatty  particles  x)f  the  chyle  which  come  from  the 
thoracic  duct,  and  are  not  positively  known  to  have  any  con- 
nection with  the  formation  of  the  other  corpuscular  elements 
of  the  blood. 


CHAPTER  IL 

OOMPOSmON   OF  THE  BLOOD. 

Genpnl  conMtnGaas — Hetliads  of  qnantilaliTe  analj^s — Fibrin — Corposclia — 
Aniumcu — laorgtmio  coDStitneaM — Snf;Hr — Fatty  emaldoD — Coloring  matter 
of  the  Bcnim — Urea  snd  the  Urates — Cboleatmac — Crc&Iine — Crf  Btiiiille. 


Aeeoiiso,  as  we  certainly  mnst,  that  the  blood  fumiaheg 
material  for  the  noiiriBhrnent  of  all  the  tissue^  and  organs,  ve 
expect  to  find  entering  into  its  composition  all  the  proximate 
principles  existing  in  the  body  which  undergo  no  change  in 
DTttritioQ,  like  the  inorganic  principles,  and  organic  matters 
which  are  capable  of  being  converted  into  the  organic  ele- 
ments of  every  tisene.  Furthermore,  as  the  products  of  waste 
are  all  takea*Tip  by  the  blood  before  their  floal  elimination, 
these  also  should  enter  into  ita  composition.  "With  these 
great  principles  in  our  minds,  it  is  nnnecessary  to  insist  upon 
the  importance  of  accnrato  proximate  aoalyses  of  the  circn- 
lating  flnid.  It  is  not  many  years  that  onr  knowledge  of 
the  laws  of  nntrition  and  destructive  assimilation  have  enabled 
ue  to  appreciate  the  full  importance  of  the  blood ;  bnt  it  has 
been  so  palpable  that  this  fluid  is  necessary  to  life,  that  the 
older  physiologists  made  nimiberless  futile  attempts  to  obtain 
Bome  clear  idea  of  ita  compoaition.  We  have  only  to  go 
bac^  to  the  beginning  of  the  present  century  to  find  the  first 
analyees  of  the  blood  which  were  attended  with  any  degree 
of  snccoes.    In  1808,  Berzelius  analyzed  the  senim  of  tlie 
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hnman  blood,  indicating  certain  proportions  of  alburacn, 
lactate  of  soda,  mnriate  of  Boda,  etc. ;  he  was  followed  by 
Marcet  in  1311,  by  whom  Ma  observations  were  confirmed. 
In  1823,  ProvoBt  and  Dumas  pnblisbed  tbeir  elaborate  r©- 
Bearcbea  into  the  couipoaition  of  the  blood,  which  seemed  to 
give  an  impulse  to  investigations  in  this  direction,  and  were 
soon  followed  by  the  analyses  of  Andral  and  Gavarret,  Leh- 
raann,  Simon,  Becquerel  and  liodier,  Denis,  and  a  Lost  of 
others,  whose  labors  have  made  us  comprehend  some  of  the 
most  important  laws  which  regulate  the  general  processes  of 
nutrition. 

Notwithstanding  the  immense  amount  of  labor  bestowed 
by  the  most  eminent  chemists  of  the  day  upon  llie  quantitor 
tire  analysis  of  the  blood,  and  the  great  physiological  interest 
attaching  to  every  advance  in  our  knowledge  in  this  direction^ 
tho  difficulties  in  the  way  are  so  great,  that  even  now  there, 
are  no  aOalysea  which  give  the  exact  quantities  of  each  of  its 
inorganic  constituents.  This  ia  owing  to  the  great  difficnl^i 
in  the  analysis  of  any  fluid  in  which  inorganic  and 
ganic  principles  are  so  closely  united ;  for  there  is  no  moi 
delicate  problem  in  analytical  chemistry  than  the  determini 
tion  of  the  presence  and  quantities  of  inorganic  substance^: 
united  with  organic  matter.  Of  the  animal  fluids  which 
easily  obtained,  the  blood,  from  the  large  proportion  of  dii 
ent  organic  principles  which  enter  into  its  com  position,  present* 
the  greatest  difficulties  to  the  analytical  chemist.  Another 
difficulty  presents  itself  in  the  neceseity  ofB,proxijnate,  and  not 
an  ultimate  analysis.  It  is  not  sufficient  to  give  the  amount 
of  certain  chemical  ete?ni;nte  which  the  blood  contains ;  wo 
must  ascertain  the  amount  of  these  elements  in  the  state  of' 
union  with  each  other  to  form  pro3^imaie  princijTlei. 

Analyses  liave  shown  that  tlie  constituents  of  the  blood' 
may  be  divided  iuto  : 


1.  Inorganic  Conatihients. — These  exist  in  a  state  of  inti*  1 
mate  and  molecular  union  with  the  organic-nitrogeuized  e1»- 4 
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meuts.  Their  presence  is  indicated  by  the  appropriate  tesls 
applied  to  the  reaidne  of  the  blood  after  iDcinenitiuD,  -wliicli 
eliow  the  well-kuown  reactions  of  the  chlorideB,  enlphatea, 
phosphates,  and  carbonates,  with  sodium,  potaseium,  lime, 
tnagnesifl,  and  iron.  In  addition  Tce  have  certain  ga^ea 
(oxygen,  nitrogen,  and  carbonic  acid),  lichich  ma;  be  extracted 
bj  the  air-pump  or  by  displacement. 

RL  Organic^  H'on-nlirogcnised  Constituents.  —  These  are 
Rigais  and  fats ;  ^vhich  are  separated  from  the  other  ele- 
ts  vtthoDt  much  difficulty,  aud  may  be  recognized  by 
their  peculiar  properties. 

3.  Organs,  Nitrogentsed  ComtUuetits. — These  constitute 
tlie  greater  part  of  the  blood,  and  are  inseparably  connected, 
in  their  functions,  and  as  a  condition  of  existence,  with  the 
LDOt^anic  principles.  They  may  be  extracted  by  processes 
already  described  in  treating  of  fibrin,  albumen,  and  globu- 
line,  and  recognized  by  their  peculiar  properties. 

Host  of  the  constituents  of  the  blood  are  found  botli  in 
the  corpuscles  aud  plasma.  It  is  difficult  to  determine  the 
different  constituents  of  these  two  parts  of  the  blood.  It  has 
been  shown,  however,  by  Schmidt,  of  Dorpat,  that  the  phoB- 
phorized  fats  are  more  abundant  in  the  globules,  ■while  the 
fatty  acids  are  more  abundant  in  the  plasma.  The  ealts  with 
a  potash  base  have  been  found  by  the  same  observer  to  exist 
almost  entirely  in  the  eorpuflcles,  and  tlie  soda  salts  are  four 
times  more  abundant  iu  the  plasma  than  in  the  corpuscles^' 
All  the  iron  exists  in  the  red  cor^>ugclea. 

Tlie  proportions  of  the  various  constituents  of  the  blood 
are  subject  to  certain  variations.  These  points,  with  their 
relations  to  the  tissues  in  the  processes  of  nutrition,  have 
liecn  so  fully  taken  np  in  the  consideiation  of  Proximate 
Princijai^s,  that  they  do  not  demand  special  notice  in  thia 

'  JIiui'EowAtuw,    iffon*  tur  h  fhyiivUi^it,    etc.,  loine  J.,  p.  2^0. 


;onnection.    In  addition  to  the  nntritive  principles,  Te  haT6 

entering  into  tbe  composition  of  the  Llood,  nreo,  cbolesterino, 
urate  of  soda,  creatine,  creatinine,  and  other  substances,  the 
characters  of  -Bhieh  are  not  yet  fully  detenninedj  belonging 
to  tbe  class  oi  £xcremenfitious  Principles.  Their  considera- 
tion comes  more  appropriately  under  the  head  of  ^^jwreft'on, 
and  they  ■will  be  fully  taken  up  in  the  iJiapter  devoted  to 
that  subject.  Though  a  knowledge  of  the  exact  proportions 
of  the  various  elements  of  the  blood  is  not  necessary  in  order 
to  appreciate  the  relations  of  this  fluid  to  tbe  ti^uea,  the 
great  interest  whicli  is  attached  to  this  line  of  investigation, 
aud  the  important  advantages  which  we  may  look  for  in  the 
future  from  extended  inquiry  in  this  direction,  lead  na  to 
discuss  at  some  length  tlie  methods  which  have  been  employ- 
ed by  physiological  chemists  in  quantitative  analyses,  with 
Bome  of  the  results  which  have  already  been  obtained. 


Quaniitaiive  Anali/sia  of  ike  Blood. 

Tlie  methods  which  have  been,  and  are  now,  commonly 
em^jltiyed  for  quantitative  analyaia  of  the  hlood  vary  very 
little  from  the  process  recommended  by  Provost  and  Dumas 
in  1823.  They  are  based  upon  the  supposition  that  the 
oi^anic  constituents,  fibrin  and  albumen,  are  solid  Eubetances 
in  solution  in  the  watery  elements,  and  that  all  the  water  of 
the  hlood  is  to  be  attributed  to  the  scrum.  As  wc  have  shown 
in  treating  of  organic  substances  that  this  view  of  their  con- 
dition in  the  fluids  is  erroneous,  and  that  the  desiccated  ma- 
terials obtained  from  the  hlood  do  not  represent  the  real 
(juantities  of  its  organic  elements,  a  new  method  of  analysis, 
based  on  tho  view  that  these  principles  are  naturally  fluid, 
seems  necessary.  The  same  process  has  been  employed  for 
the  estimation  of  the  proportion  of  corpuscles.  Here  tlia 
en-or  is  too  manifest  to  require  discussion.  It  is  evident  that 
the  blood-corpuscles  are  semi-solid  bodies  -which  become 
altered  by  desiccation ;  and  an  estimate  which  does  not  give 
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their  weight  in  their  natnral  moist  condition,  gives  ue  no  idea 
of  their  real  proportion.  So  apparent  has  thla  been  to  phy- 
fiiological  diemists,  that  attempts  have  been  made  by  Denie, 
Schmidt,  Vierordt,  Fignler,  and  others  to  estimate  the  moist 
eorposcles;  but  in  attempting  to  attain  extreme  accuraey, 
these  obBervers  have  almost  entirely  failed,  and  their  ideas  of 
the  real  proportion  of  the  corpuscles  are  merely  conjectural. 
These  remarks  only  apply  to  researches  into  the  oiganic 
ooustitDcuts  of  the  hlood.  The  analyses  ■ft-ith  reference  to  the 
inoi^anic  elements,  though  they  have  not  yet  shown  ns  the 
exact  proportion  of  each  one  of  them,  are  of  course  accurate 
as  far  as  they  go. 

The  various  processes  for  analysis  of  the  blood  now  em- 
ployed by  chemists  do  not  differ  very  much.  As  one  of  the 
beet,  we  may  take  that  recommended  by  Becr[nerel  and  Eo- 
dier,  who  are  perhaps  as  high  authority  on  this  subject  as 
any,  Tlieir  process,  which  we  give  in  its  essential  particulars, 
has  an  advantage  over  most  others  in  simplicity. 

Two  specimens  of  hlood  are  taken  and  carei'ully  weighed ; 
one  of  them  is  defibrinated,  the  fibrin  collected,  dried,  and 
weigbei],  which  gives  the  proportion  of  fibrin,  Tho  other 
is  set  asidQ  to  coagulate.  A  known  weight  of  the  dcfihrinated 
blood  is  then  evaporated  to  dryness,  and  the  proportion  of 
diy  reddue  eai-cfully  estimated.  The  residue  is  then  calci- 
nated to  give  the  proportions  of  inorganic  constituents,  wluch 
remain  after  the  organic  matters  have  become  volatilized, 
AAer  the  blood  set  aside  to  coagulate  has  separated  into  clot 
and  serum,  a  definite  quantity  of  the  serum  is  evaporated  to 
dryness  and  the  residue  estimated.  As  the  dry  residue  of  the 
defibrinated  blood  contains  the  solid  matters  of  the  serum  + 
the  dried  corpusclea — the  proportion  per  1,000  parts  of  the 
solid  matters  of  the  defibrinated  Hood — tlie  proportion  per 
IjOOO  parts  of  the  solid  matters  of  the  serum,  would  give  the 
proportion  of  corpuscles. 

We  thus  have  obtained  the  proportions  of  water,  of  inor- 
ganic matter,  of  corpuscles,  and  of  fibrin.     The  next  step  is 
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to  estimate  tlie  albumen,  fatty,  and  extractive  matter.  For 
this  purpose  we  desiccate  a  known  quantity  of  serum,  care- 
fully pulverize  the  dry  residue,  and  treat  it  repeatedly  with 
boiling  water  tiU  it  has  washed  out  all  soluble  mattets. 
These  are  undetermined  extractive  matters,  and  free  salts 
in  solution  in  tho  serum.  The  residue,  thus  treated  with 
boiling  water,  is  desiccated  and  treated  several  times  with 
boiling  alcohol,  which  dissolves  all  the  fatty  substances.  The 
insoluble  residue  is  then  dried  and  weighed,  and  represents 
pure  albumen,  which,  it  wiU  be  remembered,  is  not  a£Eected 
by  boiling  water  or  alcohoL  The  loss  after  treating  with 
boiling  alcohol  gives  the  quantity  of  fatty  matters.  The  pro- 
portions of  inorganic  matters  are  obtained  by  analysis  of  the 
residue  after  incineration.  It  is  unnecessary  to  describe 
the  complicated  and  difficult  manipulations  involved  in  this 
process.* 

^  The  above  is  condensed  from  Becquebsl  and  RoDnsR,  "  TraiU  de  ChimU 

Pathologique  appliquie  d  la  Medecine  ProHque^^^  Paris,  1854,  page  21  ft  9eq.  As 

the  result  of  analyses  of  the  blood  of  twentj-two  healthy  persons,  they  give  the 

following  table,  page  86.    The  list  of  inorganic  salts  is  taken  from  pages  65,  66, 

and  67. 

Deksttt  op  thk  Blood 1060 

coscposxtiox. 

Water T81-600 

Globules 185-000 

Albumen 70-000 

Fibrin 8500 

Seroline 0"026 

Cholesterlne 0*126 

Oleate,  margarate,  and  atearate  of  soda 1^400 

Chlorides  of  sodium,  potassium,  and  magnesium 8*500 

Carbonate  of  soda 

Free  soda 


(Carbonate  of  soda  most  abundant) ....       8*500 


Sulphate  of  soda 

Phosphate  of  soda 

Qurbonate  of  potassa .... 
Sulphate  ** 

Phosphate        **        .... 
Sulphate  of  magnesia. . . . 

Phosphate  of  lime i  ^ 

Phosphate  of  magnesia . .  J 

Iron 0-5a0 

Undetermined  extractive  matters 8^450 

1,000-000 
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The  above  process  is  perhaps  as  simple  and  reliable  aa 
an; ;  but  of  coarse  each  chemist  lias  some  Blight  modiflca- 
tioQs.  Bjf  some  the  globnies  are  estimated  by  drying  the  clot 
after  coagulation  and  deducting  the  weight  of  the  fibi'in. 
Some  recommend  to  expose  the  tibrin  after  desiccation  to  iii- 
ciaeratiou,  and  deduct  the  weight  of  the  residue  of  inorganic 
m&tter.  AU  of  the  processes,  however,  are  materially  the 
«ame,  and  differ  but  little  from  that  employed  by  Provost  and 
Dnmaa.  As  before  remarked,  the  results,  as  regards  the  fatty 
and  inorganic  constituents  of  the  blood,  are  as  accurate  aa 
possible  with  onr  present  means  of  investigation;  and  the 
uomparative  results,  in  analyses  of  the  blood  for  fibrin,  albu- 
men, and  corpuscles  in  health  and  disea&c,  ■which  have  crowned 
the  labors  of  Andral  and  Gavarret,  Becquerel  and  Itodier, 
and  a  nuraher  of  others,  are  of  permanent  value.  Cut  a 
glance  at  the  process,  and  the  quantities  given  for  the  fibrin, 
albaiuen,  and  corpuscles,  indicate  that  the  whole  is  inconsist- 
ent witli  our  ideas  of  the  condition  under  which  these  sab- 
stances  exist  in  the  body.  Microscopic  examination  shows 
that  at  least  one-half  the  mass  of  the  blood  consists  of  cor- 
poficlra,  while  analysis  gives  only  135  parts  per  1,000.  The 
fibrin  of  the  blood  is  sufficient  to  entangle,  as  it  coagulates, 
all  the  corpuscles,  and  with  them  form  the  clot ;  yet  we  are 
told  that  its  proportion  is  2'5  parts  per  1,000.  We  boil  the 
eerom,  the  albumen  changes  trum  n  Huid  to  a  semi-solid  con- 
dition, and  the  whole  moss  is  solidified  ;  yet  the  estimate  of 
its  proportion  is  70  parts  per  1,000.  The  fact  is  that  these 
estimates  give  us  only  the  dry  residue  of  the  organic  princi- 
ples; and  to  form  an  idea  of  their  actual  proportion,  we  should 
estimate  them,  if  possible,  with  their  water  of  composition, 
and  united  with  the  inorganic  salts,  which  cannot  be  separated 
from  tliem  without  incineration  and  consequent  destruction. 

With  this  end  in  view,  and  for  want  of  a  better  process,  we 
may  employ  the  following  mode  of  analysis,  which  is  easy  of 
application,  and  sufBcientfy  accurate  for  all  practical  purposes.' 

Ji  uticle  b J  the  author,  on  Tht  Organic  J\1lrt>gt«aed  PrindpUt  of  Iht 
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The  blood  to  be  analyzed  is  taken  firom  tbe  ana,  and 
eeived  into  two  carefully  weighed  vessels.  The  qaantity  in 
each  vessel  may  be  from  two  to  four  ounces.  One  of  tlie 
Bpccimeua  is  immediately  whipped  with  a  small  bundle  of 
broom-corn,  previously  moiBtened  and  weighed,  so  as  to  eoU 
lect  the  fibrin ;  and  alter  the  fibrin  is  completely  coagulated, 
the  whole  is  cai-efiilly  weighed,  deducting  the  weights  of  tli< 
vessel  and  broom-corn,  which  gives  the  weight  of  the  gpecimt 
of  blood  used.     Tlie  other  specimen  is  set  aside  to  coagulate. 

The  first  specimen  is  used  in  the  estimation  of  the  fibria 
and  corpuscles ;  the  second  is  set  aside  to  coagulate,  and 
used  to  estimate  the  albumen.  It  is  important  to  cover  tha 
vesecls  as  soon  as  the  blood  is  drawn,  for.  as  has  been  donon^ 
Btrated  by  Uecquerel  and  Eodier,  blood  exposed  to  the  air 
loses  weight  rapidly  by  evaporation.' 

"We  now  pass  the  firat  specimen  of  blood  tlirough  a 
sieve  to  collect  any  fibrin  that  may  not  have  become  attached 
to  the  wisp,  strip  the  fibrin  from  the  wJsp,  and  wash  it  DDder 
a  stream  of  water.  This  may  bo  done  very  rapidly  if  we 
cause  the  water  to  flow  through  a  small  strainer,  by  which  it 
is  broken  up  into  a  number  of  little  streams,  and  knead  the 
libriu  with  the  fingers,  doing  this  over  a  sieve  so  as  to  catch 
auy  particles  tliat  may  become  detached.  In  this  way  it 
may  be  freed  from  the  corpuscles  in  five  or  ten  minutes.  The 
fibrin  is  then  freed  from  most  of  the  adherent  moisture  by 
bibulous  paper,  and  weighed  as  soon  as  possible.  By  tlie 
following  formula  we  estimate  the  proportion  per  1,000  parts 
of  blood : 

Weight  of  blood  used  :  Weight  of  fibrin  :  :  1,000  :  Fi^ 
brin  per  1,000. 

The  next  step  is  to  estimate  the  corpuscles.     For  thlspni^ 
pose  a  portion  of  the  defibrinated  blood,  which  is  carefiilly 

£oil<;,  triA  a  JPnu  jtfrfW  /or  iheir  Eiiliaalion  in  Ike  Mood,  A  meriean  Jt 
of  tilt  ifaJical  Sdmai$,  October,  1 863. 
'  Op.  eil.,  p.  31. 
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weighed,  is  mixed  with  twic-e  ita  volume  of  a  eatiirnted  solu- 
tion of  eolphate  of  Boda,  and  thrown  upon  a  filter  wliich  h^ 
been  carefully  weighed  and  moistened  with  distilled  water, 
and  also,  jnst  before  receiving  the  mixture  of  blood  and 
snlphate  of  eoda,  with  the  ealine  eolution.  The  fluid  which 
passes  through  should  be  about  the  color  of  the  serum ;  if  a 
ttjw  corpufiles  pass  at  tirst,  the  liquid  ehould  be  poured  back 
until  it  becomes  clear.  The  funnel  ia  then  covered,  and  the 
fluid  allowed  to  separate,  the  blood-corpuscles  being  retained 
on  the  filter.  The  filter  and  funnel  are  then  plunged  several 
times  into  a  vessel  of  boiling  water,  by  which  all  the  eulphata 
of  eoda  which  remains  is  washed  out,  and  the  corpuscles  are 
coagulated  without  changing  in  weight.  The  fuunel  should 
be  again  covered  and  the  water  allowed  to  drip  from  the 
filter,  after  which  it  is  weighed,  deducting  the  weight  of  the 
moist  filter  previously  obtained,  which  gives  us  the  weight 
of  the  coqiuscles.  We  obtain  the  proportion  of  corpuscles 
to  1,000  parts  of  blood  by  the  following  formula : 

Detibrinated  blood  used  :  Corpuscles  : :  Dctibrinated 
blood  per  1,000  :  Corpuscles  per  1,000. 

The  next  step  is  to  estimate  the  quantity  of  albumen  in 
the  serum,  and  thence  its  proportion  in  tlie  blood.  For  this 
purpose  wo  liret  ascertain  the  quantity  of  serum  in  1,000 
parte  of  blood,  which  is  done  by  subtracting  the  sum  of  the 
fibrinand  cori)USclcs  per  1,000  from  1,000.  Having  done  this, 
an.d  waited  ten  or  twelve  hours  for  specimen  No.  2  to  sepa- 
rate completely  into  clot  and  serum,  we  take  a  small  quan- 
tity of  the  serum,  about  half  an  ounce,  weigh  it  carefully, 
and  add  suddenly  twice  its  volume  of  absolute  alcohol.  The 
albumen  will  he  thrown  down  in  a  grumoua  mass,  and  the 
whole  is  thrown  upon  a  filter,  which  has  been  previously 
moistened  with  alcohol  and  weighed.  The  fnnne!  is  imme- 
diately covered,  and  tlie  fluid  separates  from  the  albumen 
rety  rapidly.  Wo  ascertain  that  no  fluid  albumen  passes 
through  the  filter  by  testing  the  fluid  with  nitric  acid.     After 
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the  filter  has  ceased  to  drip,  it  is  -weiglied,  and  the  weight  of 
tlie  albTimen  ascertained  by  dedaeting  tlie  weight  of  the  filt«r. 

The  proportion  of  albumen  to  1,000  parts  of  blood  is  obtained 
by  the  Ibllowing  formula : 

Serum  used  :  Albumen  :  :  Serum  per  1,000  :  Albnmen. 
per  1,000, 

The  above  process,  winch  has  been  described  in  detail  in 
the  hope  that  it  may  be  employed  by  others  in  analysis  of 
the  blood  for  its  organic  constituents,  has  at  least  the  adntn- 
tage  of  simplicity  and  facility  of  application.  As  regards 
accuracy,  having  repeatedly  made  analyses  of  different  por- 
tions of  the  same  fluid  with  almost  identical  results,  it  has 
rieemed  sufficiently  exact  for  all  practical  purposes.  As  an 
example  we  may  mention  an  analysis  of  two  equal  portions  of 
defibrinated  blood  (34'20  grammes)  for  corpuscles ;  one  speci- 
men gave  16'40,  and  the  other  16-43  grammes.  This  part  of  tlie 
process  would  seem  more  open  to  the  objection  of  inaccuracy 
than  any,  yet  the  difference  of  the  result  in  the  two  analyses  is 
80  slight  that  it  may  be  disregarded.  Repeated  examinations 
of  different  specimens  of  the  same  serum  for  albnmen  wero 
followed  by  identical  results,'  While  the  exceeding  aeco- 
racy  which  is  desired  by  chemists,  and  is  necessary  in  many 
.•malyses,  is  not  attainable  in  such  examinations  as  tlieee,  it  is 
not  even  desirable ;  for  as  phyeiologista  we  must  see  that 
even  an  approximation  of  the  proportions  of  the  organie 
matters,  as  they  really  exist,  is  better  tlia,n  the  most  acca- 
rate  estimate  of  their  dry  residue.  In  taking  the  weighte, 
the  only  point  is  to  do  it  rapidly  and  avoid  loss  by  evapo- 
ration. If  this  be  borne  in  mind,  and  care  be  taken  in  differ- 
ent examinations  to  weigh  the  principles  at  the  same  e1 
of  the  operation,  the  simplicity  of  the  process  should  make  it 
valuahle  in  comparative  analyses  of  the  blood  in  different 
conditions  of  the  system. 

In   estimating    the  proportion   of  fibrin,   the   ordinary 
'  Armriean  Journal  of  tht  Medicid  Sdennt,  lot.  fit. 
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nod  \s  followed,  with  tlie  escepHon  that  tlie  weight  of  the 
ibtst  fibrin  is  taken  instead  of  the  dry  residue. 

In  estiuintiDg  the  corpuscles,  after  a  nnniber  of  trinls,  the 
process  recommended  by  Figaier  was  adopted,  with  a  similar 
modification.  Fignier  dried  the  corpuscles  after  separating 
them  from  the  serum  bj-  tiltratiuD,  takiug  advantage  of  the 
property  of  sulphate  of  soda,  whicli  retains  them  on  the  filter. 
He  employed  this  nictliod  to  sepanitQ  the  corpuscles  com- 
pletely, and  investigate  their  chemical  constitution.' 

In  estimating  the  albumen,  the  object  was,  as  in  the  case 
of  the  other  principles,  to  obtain  it  as  nearly  as  possible  in  its 
natural  condition,  simply  changing  its  form  from  fluid  to 
semt-Bolid,  without  adding  any  tiling  which  would  decompose 
it,  or  unite  with  it.  For  this  purpose  absolnto  alcohol  seemed 
better  than  heat,  nitric  acid,  the  galvanic  current,  or  any  other 
Agents  by  which  it  is  coagulated. 

If  the  different  organic  principles  be  incinerated,  the  ash 
■will  present  the  characteristic  reactions  of  the  chlorides,  sul- 
phates, phosphates,  etc.,  inorganic  principles,  which,  as  we 
have  already  seen,  cannot  be  separated  from  the  organic  con- 
Btitnenta  of  tlio  body  without  destruction  of  the  latter. 

The  blood  of  a  healthy  male,  a;t.  2T  years,  weight  170 
poonds,  who  had  never  Bulfered  from  disease,  taken  from  the 
ann  at  1  p.  u.,  tlje  last  meal  having  been  taken  at  8  a,  m,, 
fbrmshed  the  proportions  of  organic  constituents  given  in  the 
following  table.  To  complete  the  table,  the  proportions  of 
inoi^nic  principles,  fats,  etc.,  were  taken  from  the  analyses 
of  Becqucrel  and  Itodier,  to  which  reference  lias  already  been 
made.  The  proportion  of  water  is  estimated  by  subtracting 
the  sum  of  the  solid  and  semi-solid  constituents  from  tlio 
entire  weight  of  the  blood,' 

'  Air  unt  MUhode  noinvR*  pour  rAHa!i/tt  du  Sang,  et  mr  !a  CbMA'tvIiMi 
dtimiqut  da  Gklnila  tanguint.  Fu  U.  L.  Fiscieb.  (Ami.  dt  Chita,  it  da  Phyt., 
18M,  S"  aiAe,  toiuu  xl,  f-  COS) 

•  FuTlW  drtiiUa  of  cJpmineDls  on  thii  lubjcct  are  cOBtsined  in  ihe  Biticlo,  W 
wUch  reference  bos  been  miidc,  in  tbe  ''Atnericaa  Journal,"  October,  \S6S. 


138  THE  BLOOD. 


Composition  of  the  Blood} 

Water 164-8W 

Corpuscles 495-5W 

Albumen 829-820 

Fibrin 8-820 

Seroline(?) 0*025 

Cholesterine 0-125 

Oleate,  margarate,  and  stearateof  soda 1*400 

Chloride  of  sodium,  \  8*500 

"         potassium  (a  trace), ) 

Carbonate  of  soda.. . . .  ^ 

Free  soda. 

Sulphate  of  soda 

Phosphate  of  soda. .... 
Carbonate  of  potassa . . . 
Sulphate  of  potassa .... 
Phosphate  of  potassa.. 
Sulphate  of  magnesia.. 

Phosphate  of  lime.....  I ^^^^ 

Phosphate  of  magnesia. ) 

Iron 0-550 

Undetermined  extractive  matters 2-460 


(Carbonate  of  soda  most  abundant) 2*500 


1,000-000 

There  exist  in  the  blood  certain  well-determined  principles 
not  given  in  the  above  table,  some  of  which  have  great  physio- 
logical importance;  and  it  is  to  be  expected  that  fiirther 
investigations  will  reveal  others,  among  what  are  now  called 
extractive  matters,  an  acquaintance  with  which  will  mate- 
rially advance  our  pathological,  as  well  as  our  physiological 
knowledge  of  this  fluid.  The  developments  of  the  last  few 
years  with  regard  to  urea  and  cholesterine  lead  us  to  look 
for  the  discovery  of  new  principles,  variations  from  the  nor- 
mal proportions  of  which  will,  perhaps,  be  found  to  constitute 
important  pathological  conditions.  In  both  a  physiological 
and  pathological  point  of  view,  there  is  much  to  be  done  in 
this  line  of  investigation. 

Aside  from  the  gases,  we  are  now  acquainted  with  the 

'  For  purposes  of  comparison,  the  fibrin,  albumen,  and  corpuscles  were  dctic> 
eatod  and  weighed,  giving  the  following  proportions  of  dry  residue : 
Fibrin,  2*50  parts  per  1,000  of  fresh  blood. 

Albumen,       71*53        do.  do. 

Corpuscles,  125*00        do.  do. 
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following  additional  principles  in  the  blood,  wliich  are  either 
constant  or  temporary  constituents :  Sugar,  Fatty  Emulsion,  a 
Coloring  Matter  peculiar  to  the  serum,  Urea,  TTric  Acid  in 
combination,  Gholestcrine,  Creatine,  and  Creatinine. 

Sugar. — ^Bernard  *  showed  in  1848  that  sugar  always  exists 
in  the  blood  of  the  hepatic  veins  and  the  right  side  of  the 
heart.  It  is  manufactured  by  the  liver,  and  disappears  in  the 
lungs.  When  its  production  is  most  active,  as  in  full  diges- 
tion, it  may  exist  in  small  quantity  in  the  arterial  blood. 
Ordinarily  it  is  only  to  be  found  in  the  blood  between  the 
liver  and  the  lungs,  except  when  it  exists  in  the  blood  of  the 
portal  vein,  after  the  ingestion  of  saccharine  or  starchy 
matters. 

Fatty  Emulsion. — ^After  a  full  meal  with  an  abundance 
of  fat,  the  blood  contains  a  considerable  proportion  of  fatty 
emulsion.  Bernard'  has  shown,  also,  that  the  blood  of  the 
hepatic  veins  contains  an  emulsive  substance  which  is 
formed  by  the  liver.  "We  have  already  seen  that  the  blood 
corpuscles  contain  a  certain  proportion  of  fatty  matter  in  a 
state  of  molecular  union  with  the  organic  nitrogenized  prin- 
ciples. 

Ccioring  Matter  of  the  Serum. — The  serum  has  a  yellowish 
color,  more  or  less  intense,  which  is  dependent  upon  a  pecu- 
liar coloring  matter.  This  has  never  been  isolated,  but  is 
thought  by  some  to  be  identical  with  the  coloring  matter  of 
the  bile,*  a  supposition,  however,  which  does  not  seem  very 
probable. 

*  BBchereheB  aur  une  Kouvelle  Fonetion  du  Foie  eoimd^S  comme  Organe 
Produdeur  de  MatUre  Sucree  chez  PBomme  et  les  Animaitx,  Thise.  Paris, 
1858. 

'  See  page  64. 

*  BiCQUXBKL  and  Rodixb,  Becherchet  tur  la  ComposUion  du  Sang  dam 
PHat  de  SanU  d  dam  Pitat  de  Maladie,  Paris,  1844. 
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Urea  and  the  Urates. — In  1821  Provost  and  Dumaa' 
discovered  urea  in  the  blood  of  auimals  from  wliicli  the 
kidneys  bad  been  removed ;  which  waa  the  first  experimental 
demonstration  that  this  principle  is  formed  in  the  system  aad 
eliminated  by,  not  manufactured  in,  the  kidneys.  It  was 
demonstrated  in  healthy  btood  by  Marcband,'  iu  1S38,  and 
since  then  has  been  recognized  as  one  of  its  normal  constit- 
nents,  though  existing  in  very  minute  quantity.  These 
observations  have  been  confirmed  by  numerous  French,  GeN 
man,  and  English  physiologists.  The  urate  of  soda  also  eidsta 
in  small  quantity  in  the  blood,  and  possibly  the  hippurate  of 
soda.  The  reason  why  the  proportion  of  these  prlDciplea  ia 
so  small,  is  that  tbey  are  eliminated  by  the  proper  organs  as 
Boon  as  formed. 

CJideaterine, — This  substfince  waa  demonstrated  in  tha 
blood  by  Denis  in  1830.'  It  ifl  now  known  to  exist  in  this 
fluid  in  considerable  qnantity.  It  is  most  abundant  in  the 
blood  coming  from  the  nervous  centres,  where  it  is  prodnced 
in  great  part,  and  is  diminished  in  the  passage  of  the  blood 
tlirongh  the  liver.' 

A  eubstance  was  described  by  Bondet  in  1833,  in  the 
blood,  which  he  called  Seroliue.  Its  esistence  in  the  blood 
is  problematical.' 

Vreathie  and  Creatinine, — Yerdeil  and  Marcet  have  de- 
monstrated the  presence  of  these  substances  in  the  blood.* 
Their  proportion  is  very  small,  and  has  not  been  determined. 
They  undoabtedly  have  the  eame  relation  to  the  system  aa 
urea  and  cbolesterine. 

'  AnnaUa  da  ClumU  et  dt  Phytiqut,  IS2I,  iamc  rviiL,  p.  SBO. 
*  Aanola  da  Scienca  A'aivrtlla,  1838,  Smc  86ric,  Umc  I.,  p.  46. 
'  ItOBiN  and  Vkrdiil,  op,  cil.,  lo[neUL,pag«  63. 

"  Sw  na  trlicle  by  the  author  on  « Jfae  Eierttorti  FuneHon  ef  Ae  LUtf, 
Amtriean  Jaantal  of  Uk  MhUcoI  Seimea,  October,  1863, 
'Ibid. 
'  Roam  aad  Vebdul,  CAimit  Analomique,  tome  il,  pp.  iSO  nnd  199 
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A  consideration  of  abnormal  or  accidental  constituents  of 
tho  blood,  such  as  poisonons  or  medicinal  substances,  does 
not  belong  to  its  physiological  history.  It  is  hardly  necessary 
to  mention  certain  substances,  the  existence  of  which  is 
doubtful,  such  as  lactic  acid,  copper,  magnesia,  etc 
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The  remarkable  property  in  the  blood  of  spontaneouB 
coagulation  has  been  commonly  recognized  as  far  back  as 
we  can  look  into  tlie  history  of  physiology ;  and  since  the 
immortal  discovery  of  Harvey,  which  naturally  gave  an  im- 
pulse to  investigations  into  the  properties  of  the  circulating 
fluid,  there  have  been  few  subjects  connected  with  the  physi- 
ology of  the  blood  which  have  excited  more  universal  interest. 
At  first,  the  ideas  with  regard  to  the  cause  of  this  phenom- 
enon were  entirely  speculative.  The  first  definite  experi- 
ments on  record  were  performed  by  Malpighi  and  published 
in  1666.  He  was  followed  by  Borelli,  Euysch,  and  a  host  of 
others  who  hold  conspicuous  places  in  the  history  of  our 
science ;  among  whom  may  be  mentioned  Hunter,  Hewson, 
Miiller,  Thackrah,  J.  Davy,  Magendie,  Nasse,  and  Dumas. 
While  much  labor  has  been  expended  on  this  subject,  the  final 
cause  of  coagulation  cannot  even  now  be  said  to  be  settled 
beyond  question. 

The  blood  retains  its  fluidity  while  it  remains  in  the 
vessels,  and  circulation  is  not  interfered  with.   It  is  then  com- 
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po3cd,  as  we  have  Been,  of  cleur  plaema,  lioldiDgcorpascles  in 
enqteneion  ;  bnt  tlieae  little  bodies  do  not  differ  mach  from 
the  plasma,  cither  in  consistence  or  specific  gravity,  and  give 
to  tlie  flnid  only  a  slight  degree  of  xiscidity.  Shortly  after 
tlie  circulation  is  inteimpted,  or  after  blood  ia  drawn  from 
the  vessels,  it  coagnlates  or  "  seta"  into  a  jelly-like  mass.  In 
a  few  ln>nTB  we  find  that  contraction  has  taken  place,  and  a 
clear,  straw-colored  fluid  has  been  expressed,  the  blood  thus 
separating  into  a  solid  portion,  the  eTa9Bamentiim  or  clot,  and 
»  tiqaid,  which  ia  called  flerwrn.  The  serum  conlains  nil  the 
elements  of  the  blood  except  tlie  red  corpnscles  and  fibrin, 
which  together  form  the  clot.  Coagulation  takes  place  in 
the  Uood  of  all  animals,  commencing  a  yariable  time  after 
its  removal  trom  the  vessels.  In  the  human  subject,  accord- 
ing to  Nasse,'  when  the  blood  ia  received  into  a  moderately 
deep,  smooth  vessel,  the  phenomena  of  coagulation  present 
themselves  in  the  following  order ; 

First,  a  gelatinous  pellicle  forms  on  the  EUrface,  which 
occurs  in  from  1  minute  and  45  seconds  to  6  minutes ; 
in  from  2  to  7  minutes  a  gelatinous  layer  has  formed 
on  the  sides  of  the  vessel ;  the  whole  mass  becomes  of 
a  jeUy-liko  oonsistenee  in  from  7  to  16  minntes.  Contrac- 
tion then  begins,  and  if  we  watch  tlie  surface  of  the  clot  we 
will  see  little  drops  of  clear  serum  making  their  appearance. 
This  fluid  increases  in  quantity,  and  in  from  10  to  13  honra 
separation  is  complete.  The  clot,  wliich  is  heavier,  sinlss  to 
the  bottom  of  the  vessel,  unless  it  contain  bubbles  of  gas,  or 
the  surface  be  very  concave.  In  most  of  the  warm-blooded 
animals  the  blood  coagulates  more  rapidly  than  in  man.  It 
ia  particularly  rapid  in  the  class  of  birds,  in  some  of  which 
it  takes  place  almost  iustantaneouslj.  Observations  have 
shown  that  coagulation  is  more  rapid  in  arterial  than  in 
venons  blood.  In  the  former  the  proportion  of  fibrin  is 
notably  greater. 

'  Hujnt'EDWAiuis,  I^fiJ  tar  la  Phphlo^ir,  etc.,  tome  L,  p.  125, 
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The  relative  proportions  of  the  Benim  and  clot  are  very 
Tiuiable,  unless  ^e  include  in  our  estimate  of  the  semm  that 
portion  which  is  retuiaed  between  the  meshes  of  tlie  dot.'' 
As  the  clot  18  composed  of  corpuscles  and  fibrin,  and  as  these 
in  their  moist  state  repreecEt  in  general  terms  abont  one-half 
of  the  blood  (sec  table,  page  138),  it  may  bo  elated  that  after 
coagulation,  the  actual  proportions  of  the  clot  and  serum 
are  about  equal.  If  we  take  simply  the  scrum  which. 
separates  spontaneously,  we  hare  a  large  quantity  when 
the  clot  is  densely  contracted,  and  a  very  small  quantity  whea 
it  ia  loose  and  soft.' 

Characters  of  the  Clot. — On  removing  the  clot,  after  the 
separation  of  tlie  serum  is  complete,  it  presents  a  gelatinousi 
consistence,  and  is  more  or  less  firm,  according  to  the  degree 
of  contraction  which  has  taken  place.  As  a  general  rule,, 
when  coagulation  lias  been  rapid,  the  c]ot  is  soft  and  but 
slightly  contracted.  When,  on  the  other  hand,  coagulation 
has  been  slow,  it  contracts  for  a  long  time,  and  is  muck 
denser.  "When  coagulation  is  slow,  the  clot  frequently  pre- 
sents what  is  known  as  the  cupped  appearance,  liaving  a  con- 
cave surface,  a  phenomenon  which  merely  depends  on  the 
extent  of  its  contraction.     It  also  presents  a  marked  differ- 


'  It  is  estimated  by  Milue-Edirardi  tbat  the  olot  Tctains, 
one-fifth  of  thB  entire  volume  of  flcnim.    Ltfom  iur  la  FhyiiolBgit,  etc.,  tome  L, 
p.  12*. 

'  According  ki  Thsckrah  the  ftllowing  are  the  pcrioda  reqnired  for  Iho  coagB-- 
Utlon  of  the  blooij  in  some  of  the  inferior  animale ; 

Eorsc,  Btood  cougulutca  in  from  0  to   13  minutCG. 
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cnee  in  color  at  ita  BUperior  portion.  The  blood  having  re- 
mained flaid  for  some  time,  tlie  red  corpnsclea  settle,  by  virtue 
of  their  greater  weight,  leaving  a  colorless  layer  on  tlie  top. 
This  is  the  buffy  coat  bo  frequently  spoken  of  by  authors. 
The  buffed  and  cupped  appearnnce  of  the  clot  has  lieen  sup- 
posed to  indicate  an  inflammatoiy  condition  of  the  circulating 
fluid ;  inasntucli  as  the  quantity  of  fibrin  is  geueriilly  in- 
creased in  inflammation,  and  tlie  preater  the  quantity  of 
fibrin  the  more  rapid  ia  the  gravitation  of  the  red  corpuscles. 
Though  thia  frequently  presents  itself  in  the  blood  drawn  in 
inflammations,  it  is  by  no  means  pathognomonic  of  this  con- 
dition, and  is  liable  to  occur  whenever  coagulation  ia  slow,  or 
retarded  by  artificial  means.  It  is  always  present  in  the 
blood  of  the  horse.  Examined  microacopically,  the  bufiy 
coat  preeenta  fibrila  of  coagulated  fibrin  with  some  of  the 
white  corpuscles  of  the  blood.  On  removing  a  clot  of  ve- 
Dona  Wood  from  the  serum,  the  upper  surface  is  florid  from 
contact  with  the  air,  while  the  rest  of  it  ia  dark ;  and  on 
making  a  section,  if  the  coagulation  has  not  been  too  rapid, 
the  gravitaEion  of  the  red  corpuscles  la  apparent.  The  sec- 
tion, which  is  at  first  almost  black,  soon  becomes  red  from 
eoniiict  with  the  atmosphere.  The  clot  from  arterial  blood 
has  a  dark-red  color.  If  the  clot  be  cut  into  small  pieces,  it 
will  undergo  further  contraction,  and  express  a  part  of  the 
contained  serum.  If  the  clot  be  washed  under  a  stream  of 
water,  at  the  same  time  kneading  it  with  the  fingers,  we  may 
remove  almost  all  the  red  corpuscles,  leaving  the  meshes  of 
fibrin,  which,  on  microscopic  examination,  will  prcaont  the 
fibriUated  appearance  to  which  we  hare  already  referred. 
Thifl  is  a  method  sometimes  employed  for  the  extraction  of 
the  fibrin.  It  was  in  this  way  that  fibrin  was  isolated  by 
Halpighi ;  who  made  the  first  exporimenta  which  rendered 
it  probable  that  coagnlation  of  the  blood  depended  upon  this 
principle.  In  a  few  days,  as  the  result  of  putrefaction,  the 
clot  Bollens,  mixes  with  the  serum,  and  the  blood  regains  its 
fluidity. 
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Cliaraders  of  tfie  Serum. — After  coagulation,  if  tlie  senira 
be  carefully  removed,  it  ia  found  to  be  a  fluid  of  a  coloi 
varying  from  a  ligbt  amber  to  quite  a  deep,  but  clear,  red. 
This  depends  upon  a  peculiar  coloring  matter,  distinct  from 
hematine,  but  wLiuh  haa  never  been  isolated.  The  Bpecifio 
gravity  of  the  serum  is  somewlint  less  than  that  of  the  entire 
mass  of  blood ;  being,  according  to  Becquerel  and  Eodier, 
about  1,02S,'  It  contains  all  the  principles  fonnd  in  the 
plasma,  or  liquor  sanguinia,  ■with  tho  exception  of  tlie  fibrin. 
It  can  hardly  be  called  a  physiological  fluid,  as  it  is  formed 
only  after  coagulation  of  the  blood,  and  never  exists  isolated 
in  the  body.  The  effusions  which  are  commonly  called 
semm,  though  they  resemble  this  fluid  in  some  particulars, 
are  not  identical  with  it,  being  formed  by  a  process  of  transa- 
dation  rather  than  separation  of  the  blood,  as  in  cof^ulation. 
We  have  already  seen  tliat,  in  the  body,  fibrin  and  slbumec 
are  in  combination,  and  that  the  organic  principle  of  the 
serum  (albumen)  wlien  injected  into  the  vessels  of  a  living 
animal  does  not  become  assimilated,  but  is  rejected  by  the 
kidnej-s.  The  serum  must  not,  therefore,  be  confounded  with 
the  plasma  or  liq^ior  sanguinis,  which  ia  the  natural  clear 
portion  of  the  blood. 

Coagulating  Principle  in  the  Mood. — Acquainted,  as 
we  are,  with  the  properties  of  fibrin,  it  is  evident  that  this 
principle  is  the  agent  which  produces  coagulation  of  the  blood. 
In  fact,  whatever  coagulates  spontaneously  is  called  fibrin, 
and  whatever  requires  some  agent  to  produce  this  change  of 
consistence  is  called  by  another  name.  But  before  the  prop- 
erties of  fibrin  were  fully  understood,  the  question  of  the 
coagulating  principle  was  a  matter  of  much  discusNOu.' 
Malpighi  was  probably  the  first  to  isolate  this  principle; 

'  Op.  ci'i,  p.  80. 

*  An  sdmlmble  hialorical  leiieiT  of  the  tbeories  and  dlscOTeries  raUtiog  to 
the  properties  of  fibrin  ind  Ihe  cosgulatkni  of  the  blood  ia  to  bo  found  in  Mr. 
GulliTcfa  iatroduclion  to  tbe  SydenhMn  tdilion  of  the  worlu  of  WUluun  fiewwn, 
London,  1846,  p.  SS  el  tea. 
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whidi  he  did  by  washing  the  clot  in  a  stream  of  water,  which 
removed  the  corpuscles  and  left  a  whitiah  fihrons  network. 
His  experiineiits  are  set  forth  in  an  article  in  which  he  at- 
tempted to  show  that  the  so-called  polypi  of  the  heart  were 
formed  of  fibrin,  though  it  waa  not  then  callod  by  that  name. 
These  obeerrations  were  soon  confirmed  by  others,  and  linally 
Enysch  extracted  fibrin  from  his  own  blood  and  the  hlood 
of  the  pig  by  whipping  with  a  bundle  of  twigs,  and  thereby 
prerentcd  its  coagulation.  This  is  the  method  now  most  com- 
monly employed  for  the  separation  of  librin.  It  then  became  a 
qaestion  whether  this  substance  existed  as  a  fluid  in  the  liquor 
eaQgoinis,  or  was  furnished  by  the  corpuscles  after  the  re- 
moval of  Mood  from  the  vessels.  This  was  decided  by  Ilew- 
soo,  whose  simple  and  conclusive  experiments,  puijiished  in 
1771,  leave  no  doubt  that  coagulation  of  the  blood  is  due  to 
fibrin,  and  that  this  principle  is  entirely  distiilct  from,  and 
iudependent  of,  the  corpuscles.  This  observer,  taking  advan- 
tage of  the  property  possessed  by  certain  saline  Bnbstances  of 
preventing  the  coagulation  of  the  blood,  waa  the  first  to  sepa- 
rate llie  liqaor  sangninis  from  the  corpuscles.  He  mised 
fresh  blood  with  a  little  sulphate  of  soda,  which  ])reventcd 
foeguhition,  and  after  tlie  mixtiure  had  been  allowed  to  stand 
for  a  time,  the  corpuscles  gravitated  to  the  Itottom  of  the  ves- 
eel.  The  clear  fluid  was  then  decanted,  and  diluted  with 
twice  it»  quantity  of  water,  when  the  fibrin  became  coagu- 
lAtfd.'  Another  experiment  is  still  more  conclusive ;  and  aa 
the  credit  of  having  first  separated  the  corpuscles  from  the 
.j^Jasma  and  demonstrated  the  coagulability  of  the  latter  is  by 
piaAcribed  to  Miillor,  we  will  give  it  in  the  author's  own 

mmediately  after  killing  a  dog,  I  tied  up  his  jugular 
B  near  the  sternum,  and  hung  bis  head  over  the  edge  of 
the  table,  so  that  tho  parts  of  the  veins  where  the  ligatorea 
were  might  be  higher  than  his  head.     1  looked  at  tho  veins 
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from  time  to  time,  and  observed  that  they  becamo  trans- 
parent at  their  opper  part,  tbo  red  particles  subsiding.  I 
then  made  a  ligature  upon  one  vein,  so  as  to  divide  the  trans- 
parent fi'oin  the  red  portion  of  the  blood ;  and  opening  the 
vein,  I  let  oat  the  transparent  portion,  which  was  still  fluid, 
but  coagulated  soon  after.  On  pressing  this  coagnlnm,  I 
found  it  contained  a  little  semm.  The  other  rein  I  did  not 
open  till  after  the  blood  was  congealed,  and  then  I  found  the 
upper  part  of  the  coagulum  whitish  like  the  crust  in  plearitio 
blood." ' 

Nothing  could  more  conclusively  demonstrate  that  coa^ 
ulation  of  the  blood  depends  upon  a  coagulating  principle 
existing  in  the  lifjnor  sanguinis,  than  this  simple  experiment. 
It  also  beautifully  illustrates  the  formation  of  the  biiffy-coat. 

The  facts  thus  demonstrated  by  Hcwson  were  confirmed 
by  Miiller  in  1832.  He  succeeded  in  separating  the  plasma 
from  tho  corpuscles  in  the  blood  of  the  frog  by  simple  tiltrgr 
tion ;  first  diluting  it  with  a  saecbariue  solution.  The  groat 
size  of  tho  corpuscles  in  this  animal  prevents  their  passage 
through  a  filter,  and  the  clear  fluid  which  is  thus  separated 
soon  forms  a  colorless  coagulum.' 

From  these  observations  it  is  evident  that  the  coagulation 
of  the  blood  is  due  to  tho  presence  of  fibrin  in  the  liquor  san- 
guinis. Coagulation  of  this  principle  first  causes  tlie  whole 
mass  of  blood  to  assume  a  gelatiuotis  consistence ;  and  by 
virtue  of  its  contractile  properties  it  soon  expresses  the  serani, 
but  the  red  coi-puscles  are  retained.  One  of  the  causes  which 
operate  to  retain  the  corpuscles  in  the  clot  is  tlie  adhesive 
matter  which  covers  their  surface  atter  they  escape  from  the 
ressels,  which  produces  the  arrangement  in  rows  like  piles 
of  coin,  which  we  have  already  noted  under  the  head  of 
microscopic  appearances.     This  undoubtedly  pre\ents  those 


The  Works  of  WUliam  Hewsoe,  F.  R.  9.,  Sjdcnhtm  edition,  p.  33. 
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wliichare  near  the  surface  from  escaping  from  tlie  clot  duping 
its  contrafction. 

CircitmsUincea  which  modi/i/  Coagulation  out  of  the  Bcly. 

The  conditions  wLicli  modify  coagulation  of  the  blood 
hare  been  closely  studied  by  Ucwson,  Davy,  Thacknih,  Eobia 
and  Verdeil,  and  othera.     Tliey  are,  in  brief,  tbe  following ; 

Blood  flowing  flowly  from  a  Buiall  orifice  i3  more  rapidly 
coagulated  than  when  it  flows  in  a  full  stream  from  a  lai^e 
orifice.  If  it  be  received  into  a  shallow  vessel,  it  coagiilatea 
much  more  rapidly  than  when  received  into  a  deep  vessel. 
If  the  vessel  be  rough,  coagulation  is  more  rapid  than  if  it 
bo  smooth  and  polished.  It'  the  blood,  as  it  flows,  be  received 
on  a  cloth  or  a  bundle  of  twigs,  it  coagulates  almost  instan- 
taneously. In  short,  it  apjjears  that  all  circumstancca  which 
favor  exposure  of  the  blood  to  the  air,  hasten  its  coagulation. 
The  blood  will  coagulate  more  rapidly  in  a  vacuum  than  in 
the  air. 

Coagulation  of  the  blood  is  prevented  by  rapid  freezing, 
but  ailcrwardB  takes  place  when  the  fluid  is  carefully  thaw- 
ed. Between  32°  and  140°  Fahr.,  elevation  of  temperature 
increases  the  rapidity  of  coagulation,'  Experiments  are 
impracticahle  above  l^O",  as  wo  are  then  likely  to  have 
coagulation  of  the  albumen.  According  to  Richardson,  agi- 
tation of  the  blood  in  closed  vessels  retards,  and  in  open 
vessels  hastens  coagulation.* 

Various  chemical  substances  retard  or  prevent  coagula- 
tion. Among  them  we  may  mention:  solutions  of  potash 
■nd  of  soda;  carbonate  of  soda;  carbonate  of  ammonia; 
carbonate  of  potash ;  ammonia ;  sulphate  of  soda.  In  the 
menstmal  flow  the  blood  is  kept  fluid  by  mixture  with  the 
abandant  secretions  of  the  vaginal  mucous  membrane, 

■  RicnuMOii,  Th*  Caiin  <•/  l/tt  Congulaliim  of  the  Blood.    Aallej  Cooper 
Prue  tsmj  for  leas,  p,  140  rt  itq. 
'  aid.,  p.  238. 
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Coagvlatioii  of  tlte  Blood  in  the  Organism. 

The  blood  coagulates  in  the  vessels  after  death,  tlloi^ 
less  rapidly  than  wlien  removed  from  the  body.  As  a 
eral  proposition  it  maybe  stated  that  this  takes  place  in  from 
twelve  to  twenty-four  honra  after  circnlation  has  ceased. 
tinder  these  ci  renin  stances  it  is  found  chiefly  in  the  fenoni 
eystera,  as  the  arteries  are  generally  emptied  by  poet  mortem 
contraction  of  their  muscular  coat.  Coagnla  are  found,  how- 
ever, in  the  left  side  of  the  heart  and  in  the  aorta,  but  they 
are  much  smaller  than  those  found  in  the  right  side  of  the 
heart  and  the  large  veins.  These  coagula  present  t]ie  general 
characters  we  have  already  described.  They  are  frefpicntly 
covered  by  a  soft  wbitifih  film,  analogous  to  the  bufly  coat, 
and  are  dark  in  their  interior. 

It  was  supposed  by  Jolm  Ilunter  that  coagulation  of  the 
blood  did  not  take  place  in  animals  killed  by  lightning 
hydrocyanic  acid,  or  prolonged  muscular  exertion,  as  when 
himted  to  death ;  but  it  appears  from  the  observationfl 
of  others  that  this  view  is  not  correct,  J.  Davy  reports  a 
case  of  death  by  lightning  where  a  loose  coagulum  was  found 
in  the  heart  twenty-four  hours  after.  In  this  ease  decompo- 
sition was  very  far  advanced,  and  it  is  probable  that  tha 
coagula  had  become  less  firm  from  that  causa  His  obser- 
vations also  show  that  coagulation  occurs  after  poisoning  hy 
hydrocyanic  acid,  and  in  animals  hunted  to  death.' 

Coagulation  in  different  parts  of  tho  vascular  system  la 
by  uo  means  unusual  during  life.  In  the  heart  we  sometimes 
find  coagula  which  bear  evidence  of  having  existed  for  soma 
time  before  death.  These  were  called  polypi  by  some  of  tha 
older  writers,  and  are  often  formed  of  fibrin  almost  free  from 
red  coqJUBcles.  They  generally  occur  when  death  is  very 
gradual,  and  the  circulation  contiuues  for  some  time  with 
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greatJy  diminiabed  activity.  It  la  [irobablo  tliat  a  small 
congnlum  is  first  formed,  fi\]m  wiiicli  the  corjinsclea  aro 
VA^ed  awaj  by  the  current  of  blood ;  tfiat  this  becomes 
larger  by  further  depositions,  until  we  have  large  vermicular 
mosees  of  fibrin,  attached,  in  some  instances,  to  the  chordae 
tendineje.  Clots  formed  in  this  way  may  be  distinguished  from 
tliose  formed  after  death  by  their  wliitisli  color,  dense  consist- 
ence, and  the  closenesfi  with  which  they  adhere  to  the  walls 
of  the  heart.  Cases  have  been  reported  by  EicharJson  and 
others,  where  coiicretiona  of  this  kind  extended  from  the 
cavities  of  the  heart  far  into  the  large  vessels.  It  is  also 
atated  by  Richardson '  that  they  sometimes  become  partly 
or^nizcd,  and  connected  with  tlie  tissue  of  the  heart ;  but 
we  have  seen  tliat  accidental  deposits  of  a  proximate  prin- 
ciple, like  fibrin,  never  become  transformed  into  organized 
Btnictnres. 

We  need  only  enumerate  some  of  tlie  otlier  circumstances 
onder  which  the  blood  coagulates  in  the  vessels,  as  this  sub- 
ject belongs  rather  to  pathology  than  to  physiology.  Coag- 
tUation  may  be  said,  in  general  terms,  to  occur  as  a  con- 
dition of  stasis.  When  a  ligature  is  applied  to  an  nrtery, 
the  Teasel  becomes  filled  with  a  coaguium  up  to  tlie  site  of 
the  fiist  branch  which  is  given  off,  whatever  be  its  situation. 
In  applying  the  ligature,  the  delicate  inner  coat  is  ruptured, 
and  the  shreds,  wliich  curl  up  in  the  interior  of  the  vessel, 
Booa  become  covered  with  a  layer  of  coagulated  blood,  wliich 
thickens  until  the  whole  vessel  is  filled.  In  cases  in  which 
the  flow  of  blood  becomes  arrested,  or  very  much  retarded, 
tm  in  varicose  veins  of  the  extremities,  the  enlarged  veins  in 
hemorrhoids,  etc.,  these  vessels  may  become  obUterateil  by  the 
formation  of  a  clot.  In  some  anem-isma,  the  retardation  of 
the  blood-ciirrent  produces  spontaneous  cure  by  the  deposi- 
tion of  successive  layers  of  fibrin  next  the  walls  of  the  dilated 
Teasel  A  knowledge  of  this  fact  has  been  made  use  of  in 
the  treatment  of  aneurism  by  compression  of  the  artery  which 
'  Op.  tit. 
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Bnppliee  it  with  blood.  Many  caaes  are  on  record,  where  this  J 
has  l)eeii  contiuued  for  a  number  of  lioun,  and  a  care  J 
efiPeeted. 

Bodies  projecting  into  tbe  caliber  of  a  blood-veesel  w 
become  coated  witli  a  layer  of  fibrin.  Rough  concretions  1 
about  the  orifices  of  the  heart  frequently  induce  the  depo-  1 
EJtion  of  little  masses  of  fihrin,  whidi  Bometimea  become  J 
detached,  and  are  carried  to  various  parts  of  tbe  circulatory  i 
eysteni,  as  the  lungs  or  brain,  plagging  up  one  or  more  of  the  I 
Binaller  vessels.  These  masses  have  been  called  by  Vlrchow,  J 
emboli,  and  have  been  traced  by  Iiim,  in  some  instances,  from  I 
tbe  heart  to  the  eituationaaliove  mentioned,  Tbe  experiment  I 
has  been  made  of  pacing  a  thread  through  a  small  arteiy,  , 
aliening  it  to  remain  for  a  few  hour?,  when  it  ia  fonnd  I 
coated  with  a  layer  of  coagulated  fibrin. 

Blood  generally  coagulates  wlien  it  is  effused  into  tho  ' 
areolar  tissue,  or  any  of  the  cavities  of  the  body ;  though, 
effused  into  the  serous  cavities,  the  tunica  vaginalis  for  exam- 
ple, it  has  been  known  to  remain  fluid  for  days  and  even 
weeks,  and  coagidate  when  let  out  by  an  incision.  In  the 
Graafian  follicles,  after  the  discbarge  of  the  ovum,  we  gener- 
ally have  tbe  carity  filled  with  blood,  ivhich  forms  a  clot, 
and  is  slowly  removed  by  the  process  of  absorption. 

Coagulation  thus  takes  place  in  the  vessels  as  the  result 
of  stasis,  or  very  great  retardation  of  the  circulation,  and  in 
tbe  tissues  or  cavities  of  tbe  Iwdy,  whenever  it  is  accidentally 
effused.  In  the  latter  case,  it  is  generally  removed  in  tbe 
course  of  time  by  absorption.  Tliis  takes  place  in  tbe  fol- 
lowing way:  First,  we  have  disappearance  of  the  red  cor^ 
puscles,  or  decoloration  of  the  clot,  and  the  fibrin  is  then 
the  only  element  which  remains.  This  becomes  reduced 
from  a  flbrillated  to  a  granular  condition,  softens,  finally  be- 
comes amorphous,  and  is  absorbed;  though  when  the  size 
of  the  clot  is  considerable,  this  may  occupy  weeks,  and  even 
months,  and  may  never  be  completely  eti'ected.  Effused  in 
this  manner,  the  constituents  of  the  blood  act  as  foreign 
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bodies;  the  corpuecles  cease  to  be  organized  anatomical 
elements  capable  of  self-regeneration,  break  down,  and  are 
ftbsorbod.  The  fibrin  which  remaina  tindergoes  the  same 
proems ;  the  stages  throngli  which  it  passes  being  always 
those  of  decay,  and  not  of  development.  In  other  words,  it 
is  incapable  of  organization. 

Office  of  the  C'oaffuiation  of  Uie  Slood  in  Arreet'ing 
Semorrha^e. — The  property  of  the  blood  under  consideration 
has  a  most  iniportant  ofiSc©  in  the  arrest  of  hemorrhage. 
^Die  effect  of  an  absence  or  great  diminution  of  the  coagu- 
lability of  the  circulating  fluid  is  exemplified  in  instances 
of  what  is  called  the  hemorrhagic  diathesis;  a  condition  in 
which  slight  wounds  are  apt  to  be  followed  by  alarming, 
and  it  may  be  fatal,  hemorrhage.  This  condition  of  the 
blood  ia  not  cliaracterized  by  any  symptoms  excepting  the 
obstinate  flow  of  blood  from  slight  wounds,  and  may  con- 
tinue for  years.  In  a  case  which  came  imder  the  observation 
of  the  author  a  few  years  since,  excision  of  the  tonsils  was 
followed  by  bleeding,  which  continued  for  several  days,  and 
was  arroated  with  great  difficulty.  On  inquiry  it  waa 
ascertained  that  tlie  patient,  a  young  man  about  twenty 
years  of  age,  in  other  respects  perfectly  healtiiy,  had  been 
Babject  from  early  life  to  persistent  hemorrhage  from  slight 
wounds.  In  reviewing  the  functions  of  fibrin,  wo  find  tliat 
apparently  its  most  iii)portant  office  is  in  the  arrest  of  hem- 
orrhage. The  degree  of  coagulability  of  the  blood  depends 
on  tlie  quantity  of  fibrin,  but  its  proportion  has  not  been 
shown  to  bear  any  definit&  relation  to  the  vigor  of  the  iudi- 
Tidaal,  nor  to  the  processes  of  nutrition  generally.  The 
neceesary  and  constant  variations  in  the  organic  elements  of 
the  blood,  which  are  the  result  of  insufficient  alimentation, 
exhaoBting  discharges,  or  diseases  characterized  by  impover- 
idiment  of  this  fluid,  are  observed  in  tlie  albumen  and  red 
corpuscles,  and  not  in  the  fibrin.  By  this  it  must  not  be 
understood  that  the  quantify  of  tibrin  is  not  variable.    It  has 
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been  found,  for  example,  bj  Aiidral  and  Gavarret  to  be  pret^ 
generallj  increaeed  in  the  plilegmasiffi ;  bnt  it  bears  no  rela- 
tion to  tlie  riclmese  of  tiie  blood.  Its  proportion  Is  not  jn- 
creaeed  always  in  plotliora  and  diminished  in  anemia;  and 
in  fact  it  haa  been  found  by  Kusse  to  be  increased  in  aoimala 
suffering  from  hunger.'  After  hemorrhage,  wliich  diminishes 
the  corpascles  and  albumen,  the  fibrin  is  generally  increased; 
BO  that  tbe  fact  of  loss  of  blood,  diminishing  the  force  of  the 
heart  and  increasing  the  tendency  to  coagulation,  lias  an  io- 
flnence  in  the  arrest  of  the  flow. 

Circumstances  which  accelerate  coagulation  bare  a  ten- 
dency to  arrest  hemorrhage.  It  is  well  known  that  exposure 
of  a  bleeding  surface  to  the  air  has  this  cfi'ect,  Tlie  way  in 
which  the  veesel  is  divided  has  an  important  influence.  X 
clean  cut  will  bleed  more  freely  than  a  ragged  laceration.  In 
division  of  large  vessels  tbis  difference  is  somelimee  marked. 
Cases  are  on  record  where  the  arm  has  been  torn  off  at  the 
shoulder-joiDt,  and  yet  th«  hemorrhage  was,  for  a  time,  spon- 
taneously arrested ;  while  we  know  that  division  of  an  artery 
of  smaller  size,  if  it  be  cut  across,  would  be  fatal  if  letl  to 
itself.  Under  these  circamstances  the  internal  coat  is  torn  in 
shreds,  which  retract,  their  curled  ends  projecting  into  the 
caliber  of  the  vessel,  and  have  the  same  effect  on  tlie  coagu- 
lation of  blood  as  a  bundle  of  twigs.  In  laceration  of  such  a 
large  vessel  as  the  axillary  ai-teiy,  the  arrest  cannot  be  per- 
manent, for  as  soon  as  the  system  recovers  from  the  shock, 
the  contractions  of  tlie  heart  will  force  out  the  coagulated 
blood  which  has  closed  the  opening. 

In  onr  study  of  the  functions,  of  the  body  we  shall  con- 
tinually see  evidences  that  Natm'e,  not  content  with  aimply 
providing  for  the  ordinary  wants  of  the  system,  has  made 
provision  for  extraordinary  occurrences  and  accidents.  A 
striking  example  of  tliis  ia  the  function  of  fibrin.  All  the 
ordinary  operations  of  the  body  go  on  penectly  well  in  a 
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peraoD  affected  with  the  hemoiThagie  diathesis,  in  whose  lOootl 
the  fibrin  is  wanting ;  and,  aa  we  have  already  eeen  in  treat- 
ing of  trnDsfiision,  the  vivifying  effects  of  defibrinated  blood 
are  equal  to  those  of  blood  which  contains  all  its  eonatituente ; 
yet  it  is  provided  that  in  hemorrhage  the  biood  eolidifiea  and 
doses  tbe  opening  in  the  Teasels,  if  they  be  not  too  large. 
She  often  makes  attempts  to  cure  anenrisma,  op  heraorrlioids, 
hj  the  eame  procese ;  and  hence  does  not  obliterate  the  vessela 
by  on  (Ji^anized  substance,  which  would  be  capable  of  self- 
regencralion  and  always  remain  as  part  of  the  body,  bat 
throws  out  a  temporary  plug,  which  is  destined  to  be  re- 
moved, partially,  if  not  completely,  by  abaorptioo.  The  pro- 
cess of  coagulation  of  the  tibrin  of  the  blood  is  esseutially 
different  from  that  of  gradual  effusion  of  ])laBtic  lymph  by 
which  injories  are  repaired.  Individuals  suffering  under  the 
hemorrhagic  diathesis,  are  not  deprived  of  the  power  of 
repairing  injuries  by  means  of  plastic  exudations  from  the 
blood,  thongh  the  blood  contains  no  fibrin,  and  hemorrhage 
is  not  arrested  until  the  procees  of  repair  has  closed  tbe 
openings  in  the  vessels,  or  wo  have  closed  them  by  the  effect 
of  onr  styptics.  We  likewise  see  that  in  the  lower  animals 
who  have  not  the  means  of  artificially  arresting  hemorrhage, 
its  BpontaneoQH  arrest  is  more  effectually  provided  for  by  a 
more  rapid  coagulation  of  the  blood. 

From  the  foregoing  considerations  it  is  evident  that  the 
rcnuirkable  phenomenon  of  coagulation  of  the  blood,  which 
has  8o  much  engaged  the  attention  of  physiolc^ists,  has  rather 
a  mechanical  than  a  vital  function ;  for  its  chief  office  is  in  the 
arreet  of  hemorrhage.  Coagulation  never  takes  place  in  the 
oiffanism,  unless  the  blood  be  in  an  abnormal  condition  with 
respect  to  circulation.  Here  its  operations  are  mainly  cod- 
servative ;  but  as  almost  all  conservative  processes  are  some- 
times perverted,  clots  in  the  body  may  be  productive  of  injury, 
as  in  the  instances  of  cerebral  apoplexy,  clots  in  the  heart 
occurring  before  death,  the  detachment  of  emboli,  etc. 
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OauM  of  th«  Cooffulation  ^ihe  Blood. — Tiiongh  the  phe- 
nomena of  coagtilation,  atid  tlie  circumstances  which  modify 
it,  especiallj  as  occurring  in  tlie  organiam,  are  of  more  prao- 
tical  Jnportanee  than  any  thing  else,  the  study  of  these 
phenomena  naturally  leads  as  to  inquire  into  the  reason  Tvhy 
librin  thus  changes  its  form.  When  we  say  that  this  prin- 
ciple is  endowed  with  the  property  of  spontaneous  coagula- 
bility, we  do  not  express  what  is  strictly  the  fact.  It  remaina 
Suid  until  it  is  placed  in  abnormal  conditions,  when,  without 
the  application  of  heat,  or  any  chemical  reagents,  it  coa^ 
ulates  ;  but  so  long  as  it  remains  in  the  circulating  blood, 
lymph,  or  chyle,  eoagiiUtion  does  not  take  place.  Thia 
property,  which  baa  been  bo  long  recognized,  has  been  the 
subject  of  many  Bpeenlationa  as  to  its  cause,  and  some  experi- 
ments ;  but  until  the  lust  few  years  the  experiments  have  done 
nothing  but  familiarize  U9  with  the  actual  phenomena  which 
take  place,  and  left  the  cause,  as  before,  entirely  a  matter  of 
speculation.  Under  these  circumstances  it  will  not  be  found 
very  profitable  to  discuss  the  old  theories  on  the  subject. 
Our  object  in  the  historical  review  of  pljysiological  gaeetionfl 
is  to  show  the  gradual  development  of  truth,  as  facts  have 
been  accumulated  by  dliferent  observers,  which  those  last  in 
the  field  have  been  able  to  coordinate,  rather  than  to  eshome 
hypotheses  which  hare  fallen  before  actual  observation.  On 
uo  subject  have  hypotheses  heen  more  vague  and  unsatis- 
factory, and  more  readily  disproved  by  experiment,  than 
with  regard  to  the  cause  of  coagulation  of  the  fibrin.  The 
idea  that  exposure  to  the  air  is  the  cause  of  coagulation, 
which  was  held  by  Hewaon,  is  disproved  by  the  simple  fact 
that  coagulation  takes  place  in  a  vacuum.  The  vital  theory 
of  Hunter,  which  was  adopted  by  most  physiologists  of  hia 
time,  is  too  indefinite  for  discussion  at  the  present  day,  and 
really  expresses  utter  want  of  kuowledge  on  the  subject. 
The  tiieory  that  motion  id  the  cause  of  the  fluidity  of  fibrin 
in  the  body,  is  disproved  by  the  fact  that  violent  agitation  of 
the  blood  out  of  the  body  does  not  prevent  coagulation. 
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On  die  other  liftnd,  we  oro  not  justified,  with  Robin  and 
Tea^eil,  in  abandoning  tlie  subject  with  the  assertiuii  that 
'tis  "aa  viiin  to  Beelc  after  the  cause  of  this  fact  as  to  inquire 
iriij  fibrin  exists,  why  sulphate  of  copper  is  Line,  etc." ; ' 
aeBoming  that  fibrin  coagulates  merely  because  it  lios  the 
property  of  coagulation,  as  albumen  ia  coiignlated  by  heat, 
or  caseins  by  acetic  acid.  An  extension  of  this  method  in 
physiology  wonld  put  an  end  to  all  generalization,  restricting 
the  operations  of  the  intellect  to  tlio  mere  observation  of 
phenomena. 

Circulating  in  the  organism,  the  plasma  contains,  molee- 
ularly  united  with  each  other  and  uniformly  distributed  in 
the  fluid,  fibrin,  albumen,  salts,  and  volatile  Bubatancee. 
Albumen  retains  its  fluidity  out  of  the  body,  until  heat  or 
some  coagulating  agent  is  applied ;  but  by  employing  a 
current  of  galvanism,  which  we  know  changes  the  condition 
of  the  inorganic  eubstances  in  the  serum,  something  is  taken 
away  which  causes  albumen  to  coagulate,  or  which,  when  it 
existed  unchanged,  retained  albumen  in  its  fluid  condition. 
Is  it  not  possible  that  the  blood  wliile  circulating  may  contain 
a  substance  capable  of  keeping  fibrin  fluid,  the  evolution  of 
wliich  out  of  the  body  is  the  cause  of  coagulation  i  "We  are 
particalarly  led  to  ask  this  question,  as  we  are  acquainted 
with  many  substances  which  possess  this  property  when  added 
to  blood  drawn  from  the  vessels ;  such  as  carbonate  of  soda, 
ammonia,  etc.  This  idea  forms  a  fit  basis  for  experimental 
inquiry,  by  a  study  of  the  substances  evolved  by  the  blood 
daring  coagulation  in  the  form  of  vapor.  If  it  be  objected 
that  no  coagulation  takes  place  in  the  vessels,  while  an  op- 
portunity for  volatilization  is  constantly  presented  in  the 
Imigs  in  normal  circulation,  it  must  be  reraembei'ed  that  the 
hlood  is  continually  washing  out,  as  it  weiu,  in  the  course  of 
circulation,  matters  formed  in  tlie  various  parts  of  the  organ- 
iam ;  and  enbstances  which  are  continually  discharged  by  the 
InngSj  skin,  kidnejs,  etc.,  are  necessarily  as  continually  taken 
'  BoBCE  uiii  Tebdul,  op.  tit.,  Mme  Ui.,  p.  210, 
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np  by  tLe  Wood  in  tlie  system.  From  this  point  of  view  it 
does  not  eeem  entirely  unprofitable  to  look  after  the  cause  of 
the  coagulation  of  the  blood.  It  was  with  such  an  idea  ns 
this  that  almost  the  first  definite  esperimcnts  which  we  have 
on  the  cause  of  coagulation,  were  ]>erformed.  These  consti- 
tute the  basis  of  the  Aetley  Cooper  prize  essay  for  1S58,  und 
if  they  be  not  sufficient  to  convince  all  physiolt^sta,  i 
be  acknowledged  to  settle  many  points  with  reference  to  the 
question  under  consideration.  Dr.  Richardson  has  here  given 
ua  the  only  definite  and  probable  explanation  of  this  phenom- 
enon that  has  ever  been  presented.' 

The  views  of  Eichardson,  and  the  experiments  on  which 
they  are  based,  are  briefly  the  following ; 

Taking  ae  a  point  of  departnre  the  fact,  which,  as  we  havft 
already  seen,  is  snfiiciently  proven,  that  all  circnmstancee 
which  facilitate  the  separation  of  volatile  elements  from  the 
blood  hasten  coagulation,  Kichardson  attempted  to  shoir 
that  the  volatile  substances  which  thus  escape,  if  retained,  or 
if  made  to  pass  through  blood,  will  retard  or  arrest  coagniatioD. 
His  experiments  on  the  prevention  of  exhalation  are  veiy 
satisfactoty.  The  jugular  vein  is  laid  bare ;  a  portion  of  it, 
filled  with  blood,  is  included  between  two  iigaturcB,  then 
separated  from  the  body  and  drawn  under  mercuiy  in  «  U 
tube,  the  vein  being  allowed  to  remain  in  the  bend  of  tho 
tube  for  from  nine  to  twenty-four  hours.  At  the  end  of  this 
time  it  is  removed,  the  blood  let  out,  and  exposed  to  the  ur. 
In  a  number  of  experiments  he  found  the  blood  entirely  fluid 
when  drawn  from  the  vein  immediately  after  removal  from 
beneatli  the  mercury,  while  it  coagulated  firmly  in  a  few- 
minutes  after  exposure  to  the  air.*  This  simple  experiment 
we  have  repeated  with  the  same  result.  It  shows  concluaTely 
that  coagulation  of  the  blood  is  not  a  consequence  of  eimpla 
rest,  or  lowering  of  temperature,  and  that  it  is  not  kept  fluid 
in  the  organism  by  any  vital  influence, 

'  B1CIUKM05,  TAt  Caate  of  0%e  Ceoffutafion  0/  thi  J^Md,  Londou,  I8BS. 
•  Ibid.,  p.  204  <t  wj. 
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The  next  experiments,  winch  bear  directly  on  the  snltject 
QDder  consideration,  were  made  with  rei'ereneo  to  the  impor- 
tant qnCetion,  whether  the  volatile  substances  escaping  IVoiu 
coagulatiiig  blood,  if  passed  thi-ongh  fresh  blood,  woukl  have 
the  effect  of  retarding  or  preventing  coagulation.  The  ex- 
periments on  this  point  are  likewise  conclusive.  The  appa- 
ratus which  is  used  conaiets  of  tKo  wi<Ie-mouthed  bottles, 
capable  of  holding  aboot  two  ounces,  and  a  WolffeV  bottle 
capable  of  holding  about  three  pounds.  The  small  bot- 
tles, iitteil  with  perforated  corks,  are  half  tilled,  and  the 
lai^  bottle  nearly  filled,  witli  fresh  blood.  A  tube  eoa- 
nected  with  a  small  bellows  is  introduced  into  one  of  the 
email  bottles,  passing  nearly  to  the  bottom,  while  a  second 
perforati'in  in  the  cork  is  fitted  with  a  eliort  tuho  which 
^mpiy  allows  the  escape  of  air  or  vapor.  The  latter  is  con- 
nected with  a  tube  passing  nearly  to  the  bottom  of  the  WoIflFe's 
bottle  through  one  of  the  necka,  while  the  other  is  fitted  with 
a  short  tube  to  permit  the  escape  of  the  vapor.  The  vapor 
is  then  made  to  pass  through  the  blood  in  the  thii-d  bottle  by 
a  long  tube  reaching  to  the  bottom.  If  air  be  now  gently 
forced  through  the  apparatus  by  the  bellows,  the  vapor  from 
tbema&ii  of  blood  (about  two  pounds  is  used)  in  tho  lai^e 
bottle  will  pass  through  the  third,  whicli  contauis  but  an 
oance  of  blood.  In  an  experiment  of  this  kind  performed  by 
Ricliardson,  "  the  blood  through  which  the  air  was  first  passed 
coagulated  in  two  minutes ;  that  in  the  Woltfe's  bottle  coagu- 
lated in  tliree  minutee;  while  the  blood  in  the  third  bottle, 
which  for  a  time  received  a  full  charge  of  the  vapor,  retained 
its  red  color  and  its  fluidity  for  eight  minutes  and  a  half;  as 
long,  in  fact,  as  any  vapor  could  be  sent  through  it.  When 
the  vapor  failed,  and  air  only  began  to  circulate,  this  blood 
coagulated  feebly,  the  fibrin  separating  and  floating  on  the 
top."' 

These  experiments  apparently  have  but  one  explanatioiL 
Ab  the  blood  when  drawn  from  the  body  may  sometimes  be 
'Op.Bi.,p.  £69. 
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kept  fluid  by  preventing  the  escape  of  TolatQo  6iil>»taiicee, 
and  tlie  vapor  of  coagulating  blood  forced  tlirou^h  another 
specimen  of  blood  prevents  coagulation  so  long  as  it  contiunes 
to  paaa,  Boinetliing  is  given  off  from  tLe  blood  wliicli,  when 
contained  in  tliis  fluid,  has  the  power  of  retaiuing  fibrin  in 
its  fluid  state.  Having  gone  thus  far  in  the  investigAtiou, 
tlie  next  point  is  to  subject  the  vapor  of  blood  to  nnalyaia, 
and  ascertain,  if  possible,  what  substance  or  substances  it 
contains  which,  when  retained  in  the  blood,  or  introduced}, 
have  the  power  of  keeping  it  fluid. 

This  was  the  next  step  in  Richardson's  investignttoQB. 
He  found  that  blood-vaj>or  contained,  among  other  things, 
ammonia.  This  he  detected  by  passing  blood-vapor  ihrough. 
hydrochloric  acid  and  afterwards  testing  it  with  tho  bi- 
chloride of  platinnm,  forming  the  animonio-chloride  of  plltU- 
num.  He  also  obtained  crystals  of  tlie  chloride  of  a[nmi> 
nium,  by  allowing  the  vapor  to  pass  over  a  glass  slide  moist 
ened  with  hydrochloric  acid.  lie  demonstrated  in  thb  way 
the  ])resence  of  ammonia  in  the  exhalation  from  the  blood  of 
the  human  subject,  as  well  as  the  inferior  animals.  He  also 
demonstrated  bynumerou3  experiments  that  ammonia  mixed 
with  blood,  or  the  vapor  passed  through  it,  will  prevent  coag- 
ulation ;  while  the  passage  of  air  and  the  various  gaara  has 
tho  effect  of  hastening,  rather  than  retarding  this  process. 
It  was  further  demonstrated  that  ammonia  is  constantly  dis- 
charged by  tho  organism,  particularly  by  the  lungs;  and,  of 
cours^,  must  be  as  constantly  produced  in  the  tissnes,  and 
taken  up  by  the  blood  in  the  course  of  the  circulation.' 

The  points  above  enumerated  certainly  seom  to  be  ex- 

'  In  llio  dhcuMion  of  Richardjon's  riewv,  we  bare  atlcmpled  lo  connect  ibd 
great  ciperiiucBUiI  Uuka  in  hia  chain  of  evidence.  His  admirable  ond  Uboifow 
trealbc  coniains  detnils  of  3S8  experiments ;  and  though  a  sumnmrf  is  given  it 
the  end  of  each  cliaptor,  and  aanmmaryat  the  wnrlusion,  roiicb  labor  is  aece 
oa  the  part  of  the  reader  to  separate  tboie  wbich  are  impartoni  from  Uie  grMt 
mui  of  tninor  &cta,  and  appreciate  the  proofd  of  the  doctrines  advanced.  Thl^ 
lu  it  aecms  to  me,  boa  bad  tba  eflect  of  c«Tising  the  riewa  of  Pr.  Ricbirdwni  to 
receive  fnr  leai  alteation  at  the  hands  of  pfajdologists  than  thcf  reallj  merit 
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perimentally  proven.  The  exiKjriiiieiita  oited  show  conclu- 
Bively  tliftt  &s  Wood  coagiilnteB,  out  of  the  body,  a  vapor  is 
given  off  wliicli  contains  some  Bubetance  capable  of  preserv- 
ing tlie  fluidity  of  the  fibrin ;  and  tliat  aniinonia,  which  i^  a 
constituent  of  tbia  vapor,  has  tliia  property.  But  the  rij»id 
rtfjnirements  of  our  science  render  it  necessary,  in  order  to 
establish  the  fact  that  the  evolution  of  ammonia  ie  the  sole 
and  constant  cause  of  coagulation,  to  ebow  how  ammonia  is 
given  off  under  all  the  varietl  circumstances  under  which 
coagulation  of  the  blood  is  known  to  taio  i>lace.  In  other 
words,  it  must  be  demonstrated  that  the  evolution  of  atnmo- 
nift  in  coagulation  is  not  a  coincidence,  occurring,  it  may  bo, 
pretty  generally,  but  a  necessity.  The  fact  that  ammonia 
added  to  blood  prevents  coagulation  is  not  sufficient  evidence 
of  this ;  for,  as  we  have  seen,  other  substances,  such  as  carbon- 
ate of  8oda,  have  the  same  efi'ect. 

B  there  any  circmnstancea  under  which  coagulation  of 
tabes  place,  where  ammonia  is  not,  and  cannot  be, 
There  are  observaciona  which  seem  to  answer 
'tUs  qoestion  in  the  affirmative;  and  it  becomes  necessary 
now  to  carefully  study,  with  rel'erence  to  this  point,  nil  the 
i  conditions  nnder  which  the  blood  will  coagulate. 
lie  view  that  coagulation  of  the  blood  is  due  to  the 
Ition  of  ammonia  explains  perfectly  how  this  process  is 
med  by  exposure  to  air,  by  a  moderately  high  tempera- 
tare,  by  a  vacuum,  by  the  blood  flowing  slowly  in  a  small 
stream,  aud  in  brief,  the  various  circumstances  which  modify 
[olation  out  of  the  hodij.  Its  evolution  from  tlie  blood 
e  lungs  is  not  incompatible  with  the  fact  of  the  fluidity 
e  blood  in  the  body,  for  it  is  taken  up  from  the  tissues 
ut  as  it  is  eliminated.  Some  instances,  however,  of 
l5bsgnlation  in  the  hody,  and  some  experiments  on  coagulation 
out  of  the  body,  when,  as  is  thought,  ammonia  is  not  and 
lot  be  evolved,  seem  opposed  to  the  view  advanced  by 

f  is  easy  to  understand,  adopting  the  views  of  Eicbani 


Bon,  why  the  blood  coajjiiUtes  in  the  body  after  death.  Under  ] 
the  circnmBtances  in  which  it  is  then  placed,  the  escape  of  1 
Tolatile  Bubstanees,  tbongii  retarded,  is  evidently  not  pre- 
vented,   Thns  when  the  body  is  opened  ahorHj  after  death, 
we  may  find  the  blood  perfectly  fluid,  coagulating,  however, 
shortly  after  it  ia  removed  from  the  vessels  and  exposed  to  | 
the  nir.     During  life,  when  circulation  is  arrested  or  tnnch 
retarded,  the  blood  will  coagulate ;  but  here  there  is  the  sa 
opportunity  presented  for  the  escape  of  volatile  matter.     As  j 
ammonia  ia  undoubtedly  received  by  the  blood  in  the  conrea  f 
of  circulation,  arrest  of  circulation  in  any  part  of  the  vaacalar  I 
system  prevents  the  blood  therein  contained  from  receiving  I 
its  constant  sapply.    As  it  has  been  shown  that  out  of  the  , 
body  the  evolution  of  ammonia  always  accompanies  coagu- 
lation, we  must  infer  simply  that  coagulation  in  the  body, 
under  the  above-mentioned  circumstances,  is  attended  witli'  I 
the  evolution  of  this  principle,  for  the  conditions  here  do  not  j 
admit  of  direct  experimentation,  sitnated  as  the  blood  ia  in  I 
the  midst  of  tissues,  from  which  volatile  substances  are  also  \ 
evolved.     It  is  not  proper,  however,  to  shut  our  eyes  to  the  I 
tact  that  blood  effused  into  the  tissues  and  into  the  cavities,  ] 
during  life,  has  been  known  to  remain  fluid  for  days  and  I 
even  weeks,  when  there  are  ]io  circumstances  which  we  can  I 
appreciate  aa  modifying  or  prevejiting  the  gradual  evolntion  I 
of  ammonia.     But  wc  know  that  there  are  many  animal  I 
prodncts,  such  as  the  vaginal  mucuB,i  etc.,  which  prevent  J 
eoagulation ;  and  in  these  instances,  which  are  not  very  fr&- 1 
quent,  it  has  not  been  shown  that  some  influence  of  this  kind  f 
was  not  brought  to  bear  on  the  process.    It  is  u  curious  feet,  I 
also,  that  leech-drawn  blood  remains  fluid  in  the  body  of  the  I 
animal.     Kichardson  has  verified  this  fact,  but  says  that  ha  I 
can  ofl'er  no  satisfactory  explanation.     Ue  observed  also  that  1 
the  blood  flowing  from  the  Iceeh-bite  presented  the  same 
persistent  fljiidity,  which  explains  the  well-known  fact  that  j 
tlie  insignificant  wound  gives  rise  to  considerable  hemorrhage.  I 
On  this  point  he  has  made  the  following  curious  experiment :  i 
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"After  tlie  leech  was  removed  from  the  arm,  the  wound 
it  bad  prodnced  continued  to  give  out  blood  very  iivelj?.  I 
cangtit  (iie  blood  tims  flowing  at  different  intervals,  allowing 
it  to  trickle  into  teaspoons  of  the  same  size  and  shape.  Tbe 
results  wei-e  curioiis.  The  blood  which  was  received  into  the 
iiret  spoon,  and  which  was  collected  iuiinediately  after  the 
removal  of  tbe  leech,  was  dark,  and  showed  tbe  same  teeble- 
ness  of  coagulation  as  tbe  blood  talcon  from  the  leech  itselt 
Another  ]>ortion  of  blood,  received  into  a  second  spoon  five 
miitiitea  later,  coagulated  iu  twenty-five  minutes  with  mod- 
erate firmness.  A  third  portion  of  blood,  caught  ten  min- 
utes later  still,  coagulated  iu  eight  miuutes ;  while  at  tbe 
end  of  half  an  hour  the  blood  which  still  flowed  from  the 
wound  coagulated  firmly,  and  in  fino  red  clots,  iu  two  min- 
utes. Ultimately  the  blood  coagulatetl  as  it  slowly  oozed 
trom  the  wound,  ao  that  the  wound  itself  was  sealed  up."' 
e  existence  of  projections  into  tbe  caliber  of  vessels, 
was  done  by  Simon,  the  passage  of  a  fine  thread  through 

tery  or  vein,  will  determine  the  fonnation  of  a  small 

ooa^lum  upon  tbu  foreign  substance,  while  tbe  circulation 
is  neither  interrupted  nor  retarded.  These  facts  demand 
explanation,  but  all  we  can  say  with  regard  to  them  is,  that 
in  the  present  state  of  our  knowledge  explanation  is  difficult, 
if  not  impossible.  As  before  remarked,  tlie  process,  under 
these  circumstances,  cannot  be  subjected  to  direct  experiment, 
RB  in  the  case  of  the  blood  coagulating  out  of  the  body. 

Since  the  publication  of  Kichardsou's  essay,  various 
experiments  ou  coagulation  out  of  tbe  body  have  been  made 
which  are  claimed  to  disprove  his  views.  Dr.  John  Davy 
has  reported  some  cxperimonts  on  the  coagulation  of  bloofl 
in  tlie  common  fowl,  in  which  he  attempts  to  show  that  the 
process  is  not  attended  with  the  evolution  of  ammonia,  and 
fiirlliermore,  that  ammonia  mixed  with  the  blood  will  not 

ivent  coagulation.'     It  is  well  known  that  the  blood  of 

n.  A,  p.  207. 
s  Dirr,  M.D,,  I'Iiy$u/logicnl  RaearrluB,  Loudon,  18S8,  p,  SS4  ttteii. 
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birds  is  remarkable  for  the  rapidity  of  Its  coagulation,  and  a  i 
therefore  not  so  well  adapted  to  ex|)eriraent9  relative  to  the  I 
circumstauccs  which  attend  this  process  as  the  blood  of  [ 
animals  in  which  coagtilation  ia  less  rapid.  The  expcrimento  I 
referred  to  are  imperfect,  and  no  attempt  is  made  to  invali- 
date  the  accuracy  of  the  observations  of  Kichardgon  on  dis  I 
blood  of  mammals  and  the  human  subject. 

The  most  recent  experiments  on  this  subject  are  by  Jo- 1 
seph  Lister,  published  in  a  lecture  on  "  Coagulation  of  tha  I 
Blood," in  the  "London  Lancet,"  February,  1S6+.  Tlio  riew  | 
entertained  by  Mr,  Lister  is,  that  the  blood  is  kept  fluid  in  I 
the  organism  by  its  contact  with  living  parts ;  and  that  all  I 
other  contact,  especially  that  of  inorganic  bodies,  produces  a  j 
tendency  in  this  fluid  to  coagulate.  The  power  of  retaining  I 
the  fluidity  of  the  blood  he  supposes  to  reside  particularly  in  I 
the  coats  of  the  blood-vessels,  but  be  further  says :  "  I  think  it  I 
probable,  though  not  yet  proved,  that  all  living  tissues  hare  I 
these  properties  with  reference  to  the  blood." '  The  ammonia  J 
theory  he  considers  entirely  fallacious,  and  ascribes  coagnla-  ] 
tion  either  to  the  contact  of  animal  tissues  after  death,  when  I 
their  vital  property  of  maintaining  the  fluidity  of  the  blood  j 
Blowly  disappears,  or  the  contact  of  ordinary  matter.' 

Various  experiments  are  cited  in  support  of  the  view  thus  I 
briefly  given.     In  one  of  them,  the  author,  by  an  ingeniooa  I 
meehanisni,  draws  the  blood  into  an  apparatus  consisting  of  I 
a  tube  in  which  it  is  eflectually  secluded  from  the  air,  and  | 
which  allows  the  fltiid  to  be  stirred  with  a  little  wire  which  j 
is  provided  with  projecting  spokes.     In  one  experiment  the 
tube  was  filled  with  blood,  which  did  not  come  in  contact 
with  the  air,  and  the  blood  stirred  with  the  wire.     In  thirty- 
seven  minutes  the  wire  was  removed  and  found  enveloped  in 
a  mass  of  clot.     In  another  esperiment,  ^'Keeeiving  blood  j 
from  the  throat  of  a  bullocfe  into  two  similar  wide-monthed  | 

*  London  Lancet,  Amcricsa  repnblicttloli,  Yeti.  18M,  p.  SI. 
'  This  view,  ae  slated  bj  Ur.  Lister,  iros  eotectuntd  by  Aillcv  Cooper,  Tbaelc.    I 
nil,  Briicke,  and  others. 
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bottles,  I  immediately  stirred  one  of'tliem  Tvitli  a  cle«n  ivory 
rod  for  ten  seconds  very  gently,  bo  ks  to  avoid  the  Introduc- 
tion of  any  air,  and  then  left  both  nndistnrbed.  At  the  end 
of  ft  certain  number  of  minutes,!  fonnd  thatjXvhile  the  blood 
which  h«d  not  been  disturbed  could  he  poiu^  out  us  a  fluid, 
with  the  exception  of  a  thin  layer  of  clot  on  the  surface  and 
an  incrustation  on  the  interior  of  the  vessel,  the  blood  in  the 
other  vessel,  which  had  been  stirred  for  so  brief  a  period,  was 
already  a  eultd  mass."* 

Other  experinienta  are  hronght  forward,  moditications  of 
the  one  ah-eady  mentioned  as  performed  by  Simon,  ehowing 
tliat  incmstationa  will  form  on  the  Burfaoe  of  foreign  sub- 
fitances  introduced  into  the  vessels ;  and  that  after  death  their 

luetion  will  induce  coagulation  in  the  entire  vessel  rancli 
tlian  it  would  otherwise  have  taken  place, 
idea  of  eiraple  contact  with  living  tissues  preventing 

ilation  hardly  merits  discussion.  It  is  well  known  that 
eoagulatiou  fretiuoutly  takes  place  during  life,  almost  always 
followiug  arrest  of  the  circulation.  After  division  of  the  ves- 
sels, the  blood,  in  contact  with  living  parts,  performs  its  con- 
servative function  in  the  arrest  of  hemorrhage.  There  is  cer- 
tainly something  very  curious  in  the  effect  of  the  contact  of 
foreign  substances,  and  theexperiments  on  this  point  ui-e  very 
atrikiog.  Why  is  it  that  a  coagulum  forms  upon  a  fine  thread 
or  a  needle  passed  through  a  vessel ;  or  on  the  wire  with  which 
the  blood  in  Mr.  Lister's  apparatus  was  stirred,  tliough  thci'e 
was  no  exposure  to  the  air  3  And  why  did  the  blood,  wliicli 
VM  only  gently  stirred  for  a  few  eecoiids  with  a  smooth  ivoiy 
coagulate  so  ranch  more  rapidly  tlian  that  which  was 

;urbed  1 

lese  are  questions  which  we  must  acknowledge  our 

JBftbitity  to  answer.    The  phenomena  cannot  be  satisfactorily 

explmned  by  the  supposition  that  ammonia  is  evolved ;  but 

the  other  hand,  this  is  not  a  sufficient  reason  for  rejecting 

',fect,  experimentally  demonetrated,  that,  out  of  tlio  or- 

*  Op.  tit.,  p.  83. 
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ganism,  ammonia,  a  eubstance  capable  of  malntainiRg  tbs 
fluidity  of  the  fibrin,  ia  given  off  from  coagulating  bltxid. 
We  may  soiipose  that  ammonia  separates  itself  from  one 
portion  of  tbe  blood,  and  is  retained  in  another.  An  experi- 
ment by  Eicliardson  gives  cxjlor  to  tbia  suppoeition,  for  in 
one  experiment  on  tbe  passage  of  blood-vapor  tbrougU  blood, 
be  found  that  tbe  lower  part  coagulated  wbile  tlie  upper  part 
remained  fluid;  and  on  examination,  ascertained,  in  cspllk 
nation  of  this,  that  tbe  tube  which  carried  the  vapor  into  the 
blood  did  not  extend  to  tbe  bottom  of  the  vessel.' 

Tlie  eflect  of  foreign  bodies  on  coagulation  is  not  more 
inexplicable  than  the  operation  of  inert  substances  in  certain 
cliemieal  proeessoe ;  as  the  action  of  tbe  oxide  of  manganese 
in  the  formation  of  oxygen  from  the  chlorate  of  potash ;  or, 
to  take  a  prot-ess  more  like  the  one  under  consideration,  the 
formation  of  crystals  on  threads  and  projections  in  vessels,  or 
tbe  escape  of  elet'tricity  from  points.  Examples  of  this  kind 
in  the  organic  world  are  nnmerous,  and  we  are  content  to 
say  that  these  facta  are  entirely  beyond  exjtlanation,  in  the 
present  state  of  our  knowledge.  We  should  hardly  be  but- 
prised,  then,  at  our  inabiUty  to  explain  tbe  tendency  which 
the  presence  of  foreign  bodies  has  to  induce  tbe  deposition  of 
so  eongulable  a  substance  as  flbrin.  The  theory  that  coagu- 
lation of  tbe  blood  is  always,  or  even  generally,  due  to  tbe, 
contact  of  foreign  substances,  or  tissues  which  have  lost  their 
vital  properties  and  act  as  foreign  substances,  must  be  rejected^, 
as  opposed  to  experiment  and  observation.  When,  as  hap- 
pens in  the  interior  of  the  body,  the  blood  coagulates  tiiidi 
circumstances  when  tlie  process  will  not  admit  of  direct 
experimentation  as  far  as  tbe  evolution  of  Tol»ttle  substanoe^ 
is  concerned,  tbe  best  we  can  do  is  to  apply,  as  far  as  posaibli 
the  facts  which  are  proven  with  regard  to  coagulation  out  of  i 
the  body,  when  the  phenomena  can  bo  minutely  studied. 
Kere,  at  least  in  the  human  subject  and  in  mammals,  it 
seems  demonstrated  to  bo  due  to  the  evolution  of  aiiniionia. 

'  Op.  cil.,  p.  280. 


r  PKOPEKTTE8   AST)   FDHCTIONS. 


mmary  of  the  Prop^les  and  Functions  of  the  Slood. 
S. 

The  blood,  constituting  as  uearly  aa  can  be  estimated  one- 
«ghth  of  the  weight  of  the  body,  ia  the  great  nutritive  fluid ; 
its  presence  being  necessarj'  to  life,  and  its  normal  constitiitiou 
and  circulation  essential  to  the  performance  of  all  the  func- 
tions. 

AnaUnnicaU}/,  ita  most  important  elements  are  a  clear 
plasma  and  the  red  corpuscles,  these  existing  in  about  equal 
proportions.  The  corpuscles  are  intimately  connected  with  - 
the  function  of  respiration.  Their  chief  office  seeina  to  be  to 
carry  oxygen  from  the  lungs  to  the  tissues.  Their  presence 
ia  immediately  essential  to  life,  and  their  normal  proportion 
essential  to  health.  They  are  organized  anatomical  elements, 
capable  of  self-regeneration  from  principles  contained  in  the 
plasma.  They  contain  all  the  principles  which  exist  in  the 
plasma,  with  the  difference  tliat  the  fibrin  and  albnmen  of 
tbe  latter  are  replaced  by  globuline,  and  a  coloring  matter, 
hematine,  is  superadded.  The  plasma  seems  to  be  the  part 
chiefly  employed  in  tlie  nourishment  of  the  tissues,  some  of 
which,  as  cartilage,  do  not  receive  any  of  the  eoqjuscular 
elements  of  the  blood. 

Chemicalbj,  the  plasma  contains  all  the  elements  which 
are  necessary  Jor  the  regeneration  of  all  parts  of  the  body. 
These  are  continually  being  used  up  in  nutrition,  but  are 
replaced  by  the  absorption  of  articles  of  food  after  they  have 
undergone  the  preparation  of  digestion.  In  the  deposition 
of  new  matter  in  the  regeneration  of  the  tissues,  the  organic 
Mod  inorganic  constituents  of  the  plasma  are  deposited  to- 
gether ;  the  inorganic  elements  of  tlie  tissued  receiving,  as  it 
were,  the  vital  properties  of  self-regeneration,  which  we  8Ui> 
pose  to  reside  particularly  in  organic  principles,  from  the 
fact  of  their  molecular  union  with  these  organic  principles. 

Of  the  oi^anic  constituents,  alhumen.  constitutes  by  far 
liie  greater  proportion,  and  is  the  one  chiefly  usihI  in  the 
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nntritioQ  of  tlie  organic  nitrogeuized  elements  of  tLe  tisBlieCLj 
Its  dimiuution  in  the  blood  to  any  oonsiderable  extent  de-J 
terniines  defective  nutrition.  It  is  pr(J>able  tliat  all  the  other  | 
organic  nitrogenized  priuciiiles  are  formed  from  it. 

In  the  blood,  part  of  tbe  albumen  is  trangfurmed  into/J 
fibrin,  wliich  exists  in  small  quantity,  and  doee  not  appearJ 
to  bear  any  relation  to  nutrition,  lis  peculiar  property  of  \ 
spontaneous  coagulation  gives  it  a  most  important  const 
vativefnnctionintlie  arrest  of  hemorrhage.  Ammonia,  whicb-l 
is  eontaiued  in  the  blood,  has  the  property  of  maintaining  itsJ 
fluidity ;  but  on  exposure  to  air,  or  in  rupture  of  veBsels,  we  J 
bare  an  escape  of  ammonia,  and  the  fibrin  by  its  coagulationf 
reduces  the  Avbole  mass  of  blood  to  a  semi-solid  con&istence.  J^ 
The  proportion  of  fibrin  in  the  blood  bears  no  relation  to  t 
function  of  niitiition.  Its  occasional  absence  only  indaci 
obstinate  hemorrhage  on  the  division  of  vessels,  even  of  veiyJ 
small  size. 

Fat,  whicli  exists  in  small  quantity  m  the  blood,  and  mtgarjk 
which  exists  only  in  certain  parts  of  tlie  drculatoiy  system,] 
disappear  in  the  orgauism  in  a  ^vay  which  is  not  at  present] 
understooil.  They  are  concerned  in,  and  necessary  to,  t 
processes  of  nutrition ;  but  the  exact  nature  of  their  function  1 
is  unknown. 

The  inorganic  conatitu^nts  of  the  body  are  found  in  Tary- 
ing  proportions  in  the  plasma,  and  Lave  varied  functions,  i 
Their  presence  tends  to  preserve  the  proper  uonstitutiou  of  f 
the  corpuscles,  which  are  dissolved  and  lost  in  pure  water. 

The  water  which  does  not  enter  into  the  constitution  of  | 
the  albumen  and  fibrin  serves  to  hold  the  various  salts  i 
solution,  and  cannot  vary  much  in  quantity  from  a  certain  I 
standard. 

Some  of  the  inorganic  salts,  the  chlorides  particularly, 
seem  to  regulate,  to  a  certain  extent,  the  processes  of  nutri- 
tion, are  found  most  abundantly  in  the  fluids,  and  apparently  I 
do  not  form  a  very  essential  portion  of  the  tissues  themselves.  I 
A  tendency  to  an  excess  in  the  blood  is  relieved  by  discharge  I 
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from  the  Bystcm,  and  a  diminution  is  accompanied  by  certain 
indefinite  disorders  in  the  general  processes  of  nutrition. 

The  alkaline  catenates  have  a  tendency  to  preserve  the 
fluidity  of  the  fibrin. 

Some  of  the  inorganic  salts,  such  as  the  phosphaie  of  limej 
are  important  elements  entering  into  the  constitution  of  the 
various  tissues.  They  are  most  abundant  in  the  solids  and 
semi-solids  of  the  body ;  and  when  their  introduction  witli 
food  is  prevented,  we  have  certain  definite  changes  in  the 
constitution  of  some  of  the  tissues,  as  softening  of  the  bones 
in  animals  deprived  of  the  phosphate  of  lime. 

As  already  remarked,  the  inorganic  principles  are  neces- 
sary to,  and  participate  in  the  performance  of  the  vital  func- 
tions of  organic  principles. 

In  addition  to  these  elements,  the  blood  contains  large 
quantities  o{  carbonic  acid,  which  is  eliminated  by  the  lungs, 
and  small  quantities  of  other  excrementUioua  matters,  such  as 
urea,  the  urates,  cholesterine,  creatine,  creatinine,  and  am- 
monia (which  is  perhaps  an  excretion),  their  proportion  being 
kept  down  by  their  constant  removal  by  the  proper  eliminat- 
ing organs.  Their  increase  in  the  blood  from  any  cause 
produces  toxic  eflects,  which,  as  regards  some,  urea  an<l  cho- 
lesterine for  example,  are  easily  recognized. 
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nutrition  of  the  organic  nitrogenized  elements  of  the  tissnes. 
Its  dimiiiutiun  in  tlie  blood  to  any  considerable  extent  de- 
teruiinoa  defective  nutrition.  It  ia  proibable  that  all  tlie  other 
organic  nitrogenized  principles  are  formed  from  it, 

111  the  bIoo<^  part  of  the  albumen  ie  transformed  into, 
fibrin,  whidi  exista  in  small  quantity,  and  does  not  appear 
to  bear  any  relation  to  nutrition.  Its  peculiar  property  of 
spontaneous  coagulation  gives  it  a  most  important  conser- 
vative function  in  the  arrest  of  hemorrhage,  jVmmonia,  which 
is  contained  in  the  blood,  has  the  property  of  maintaining  its 
fluidity ;  hut  on  exposure  to  air,  or  in  rupture  of  vessels,  wa 
have  an  escape  of  ammonia,  and  the  fibrin  by  its  coagulation; 
reduces  the  whole  mass  of  blood  to  a  semi-aolid  con&i&teuet; 
The  proportion  of  fihriu  in  the  blood  bcare  no  relation  to  the 
function  of  nutrition.  Its  occasional  absence  only  induces 
obstinate  hemorrhage  on  the  division  of  vessels,  even  of  voy 
small  size. 

Fat,  wliich  exists  in  small  quantity  in  the  blood,  and  mgar, 
which  exists  only  in  certain  parts  of  the  circulatory  syKtem, 
disappear  in  the  organism  in  a  way  which  is  not  at  present 
undePBtood.  They  are  concerned  in,  and  necessary  to,  the 
processes  of  nutrition ;  but  the  exact  nature  of  tlieir  functbii' 
is  unknown. 

The  irwrganic  constUuenia  of  the  body  are  found  in  vary 
ing  proportions  in  the  plasma,  and  have  varied  functions., 
Their  presence  tends  to  preserve  the  proper  constitution  of 
the  corpuscles,  which  are  dissolved  and  lost  in  pure  water. 

The  water  which  does  not  euter  into  the  constitution  of^ 
the  albumen  and  librin  serves  to  hold  the  various  salts  ia. 
solution,  and  cannot  vary  much  iu  qaautity  from  a  certain 
standard. 

Some  of  tlie  inorganic  salts,  tlie  chlorides  particularly, 
seem  to  regulate,  to  a  certain  extent,  the  processes  of  nutri- 
tion, arc  found  most  abundantly  in  tlie  fluids,  and  apparently 
do  not  form  a  very  essential  portion  of  the  tissues  themselves. 
A  tendency  to  an  excess  in  the  blood  is  relieved  by  dischar; 
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firom  the  system,  and  a  diminution  is  accompanied  bv  certain 
indefinite  disorders  in  the  general  processes  of  nutrition. 

The  alkaline  catenates  have  a  tendency  to  preserve  the 
fluidity  of  the  fibrin. 

Some  of  the  inorganic  salts,  such  as  ihe  phosphate  of  lime^ 
are  important  elements  entering  into  the  constitution  of  the 
various  tissues.  They  are  most  abundant  in  the  solids  and 
semi-solids  of  the  body ;  and  when  their  introduction  with 
food  is  prevented,  we  have  certain  definite  changes  in  the 
constitution  of  some  of  the  tissues,  as  softening  of  the  bones 
in  animals  deprived  of  the  phosphate  of  L'me. 

As  already  remarked,  the  inorganic  principles  are  neces- 
sary to,  and  participate  in  the  performance  of  the  vital  func- 
tions of  organic  principles. 

In  addition  to  these  elements,  the  blood  contains  large 
quantities  of  carbonic  acidj  which  is  eliminated  by  the  lungs, 
and  small  quantities  of  other  excrementitious  matters j  such  as 
urea,  tlie  urates,  cholesterine,  creatine,  creatinine,  and  am- 
monia (which  is  perhaps  an  excretion),  their  proportion  being 
kept  down  by  their  constant  removal  by  the  proper  eliminat- 
ing oi^ans.  Their  increase  in  the  blood  from  any  cause 
produces  toxic  eflects,  which,  as  regards  some,  urea  and  cho- 
lesterine for  example,  are  easily  recognized. 
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Piflcovery  of  the  circulation — ^Physiological  anatomy  of  the  heart — Valves  of  the 
heart — Movements  of  the  heart — Impulse  of  the  heartp— Succession  of  move- 
ments of  the  heart — Force  of  the  heart — Action  of  the  valves — Sounds  of 
the  heart — Causes  of  the  sounds  of  tl^e  heart 

IIarvey  discovered  tlie  circulation  of  the  blood  in  1616, 
taught  it  in  his  public  lectures  in  1619,  and  in  1628,  published 
the  "  Exercitatio  Anatomica  de.  Motu  Cordis  et  SanguinU 
in  Anunalibus.^^  This  momentous  discovery,  from  the  iso- 
lated facts  bearing  upon  it  which  were  observed  by  numer- 
ous anatomists,  to  its  grand  culmination  with  Harvey,  so 
fully  illustrates  the  gradual  development  of  most  great  phys- 
iological truths,  that  it  does  not  seem  out  of  place  to  begin 
our  study  of  the  circulation  with  a  rapid  sketch  of  its  history. 

The  facts  bearing  upon  the  circulation,  which  were  de- 
veloped before  the  time  of  Harvey,  were  chiefly  anatomical. 
The  writings  of  Hippocrates  are  very  indefinite  upon  all 
points  connected  with  the  circulatory  system;  and  no  clear 
and  positive  statements  are  to  be  found  in  ancient  works 
before  tlie  time  of  Aristotle.  The  work  of  Aristotle  most 
quoted  by  physiologists  is  his  "  History  of  Animals ; "  and 
in  this,  occurs  a  passage  which  seems  to  indicate  that  he 
thought  that  air  passed  from  the  lungs  to  the  heart;  *  but 

*  Aristotle,  HiMoirt  de$  animauzj  par  Camus,  Paris,  1783,  Liv.  i.,  p.  41. 
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in  (lis  \vork,  De  Partihus  Aiiiinalium,  it  is  stnted  t!i«t 
there  are  two  great  blood-veseels,  the  vena  cava  and  aorta, 
arising  from  the  heart,  aod  that  the  aorta  and  its  brftuches 
carry  blood.'  Galen,  however,  demonstrated  experimeu- 
tally  the  presence  of  blood  in  the  arteries,  by  including  a 
portion  of  one  of  these  vessels  between  two  ligatures,  in  a 
living  animal  ;*  bnt  his  ideas  of  the  comraunication  be- 
tween the  arteries  and  veins  were  erroneous,  for  he  believed 
in  the  existence  of  small  orifices  in  the  septnm  between  the 
ventricles  of  tlie  heart,  a  mistake  that  was  corrected  by 
Vesalins,  abont  the  middle  of  the  sixteenth  century.* 

In  1553,  Michael  Servetns,  who  ia  generally  regarded  as 
the  discoverer  of  tlie  passage  of  the  blood  through  the  lungs, 
or  the  pulmonary  circulation,  described  in  a  work  on  theology 
the  course  of  the  blood  through  the  lungs,  from  the  right  to 
the  left  side  of  the  heart.  This  description,  complete  as  it 
ia,  was  merely  incidental  to  the  development  of  a  theory  with 
regard  to  the  formation  of  the  soul,  and  the  development  of 
what  were  called  animal  and  vital  spirits  {spiritics).  The 
same  year,  at  the  instigation  of  Calvin,  Servetus  was  bnrned 
alive  at  Geneva,  and  a  copy  of  his  book  was  also  committed 
to  the  flames.  But  one  or  two  copies  of  this  work  are  now  in 
existence.  One  is  in  the  library  of  the  Institute  of  France, 
and  bears  evidence,  in  some  pages  that  are  partially  burned, 
of  the  fate  which  it  so  narrowly  escaped.* 

A  few  years  later,  Columbo,  professor  of  anatomy  at 
Padna,  and  Cesalpinns,  of  Pisa,  also  described  the  passage  of 
the  blood  through  the  lungs,  though  probably  without  any 
Jtnowledge  of  what  had  been  written  by  Servetus.  To  Cesal- 
pinns is  attributed  tlie  first  use  of  the  expression,  ctroulation 

'  J>tA'alura  Aamalium,  rfc,  Tenet,  1033,  p.  68. 

*  OiLuniB,  An  in  JtrltriU  Nalura  Saiufait  ayaliitMlar, — Optra,  Lipsiie, 
IS33,  tdI  ir.,  p.  703,  tl  t^. 

*  Tuiucs,  0pm  omnia,  Logd.  BaUr.,  1725,  tomus  i.,  p.  610. 

*  Tlie  phy!iolop'p«l  portion  of  the  CAiiillaaUmi  Halilutio  o(  Skrvitcs  has 
been  vitruiol  b;  FM>Dims  Tram  the  original,  anil  ia  published  in  lib  Utile 
work  entitled,  Hittoin  Jt  It  Jrmuverit  dt  la  arrvlation  Ai  tang,  Foria,  1834. 
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qf  the  hlt)od.  He  also  remarked  that  after  ligatnrc  or  com- 
pression of  veius.  the  awelUng  is  always  below  the  point  rf 
obstniclion, 

The  history  of  the  discovery  of  tlie  valves  ia  the  veins  ia 
quite  obscure,  though  priority  of  observation  is  alnio&t  nni- 
versally  conceded  to  rabricius.  As  regards  this  point,  wa 
CAn  depend  only  upon  the  dates  of  published  memoirs,  not- 
withstandiDg  the  aBeertion  of  Fabrieius,  that  be  had  eeen  ttit 
valves  in  1574.'  In  1545,  Etienne  described,  in  branches  of 
the  portal  vein,  "  valves,  which  bo  called  apophyses,  and  which 
he  compared  to  the  valves  of  the  heart.'"  In  1551,  AmatoB 
Lusitanus  published  a  letter  from  Cannanus,  in  -wliich  it  il 
etatod  that  he  had  found  valves  in  certain  of  tho  veins.'  Is 
15G3,  Eustachius  published  an  account  of  the  valves  of  ths 
coronary  vein.'  In  15SG,  a  clear  account,  by  PiccolhoniinuB, 
of  the  valves  of  the  veins  was  pnblished.'  Fabricius  jrave  tha, 
most  accurate  descriptions  and  delineations  of  the  valves,  ttaiii 
his  first  publication  ia  said  to  have  appeared  in  1603.'  He  dw 
monstrated  them  to  Ilan-cy,  at  Padua ;  and  it  is  probable  that 
this  was  the  origin  of  the  first  speculations  on  the  mechanis 
of  the  circulation.'  Shortly  after  the  return  of  Harvey  froiSI 
Padua  in  1602,  he  advanced  beyond  the  study  of  inanimate 
parts  by  dissections,  and  investigated  animated  nature  \ 

'  FABBiaca,  De  Vtnartim  Oiiiolu, — Op&ra,  Lipaia?,  !887,  p.  IBO. 

*  MiL^E  Edttaiuib,  Lt(t>tu  fUr  ta  pAytioloffie,  Paris,  18GS,  locnc  ill.,  p,  31, 

■  B(:bird,  Court  de  pAytioloffie,  Par!;,  1856,  taroc  ir.,  p.  S-l. 

*  EosTiCKnra,  J)e  Vena  Hwpari. — Opmeula,  TqigiIIb,  ises,  p.  S89. 

■  riccoLHoscwos,  Jnatomtftt  JVirfirtio'ia,  Konue,  I08S,  p.  412.    Tlic  TolloVi 
ing  U  Uic  pasangenrerred  lo:  "Uiiuai  sdIuid  cia  nddere  volo,  magsi 
ab  DiDDibuH  pnctcrmUaucD,  quod  mihi  Bummun  admirationem,  quum  iUud 
pei-l,  it*  eicttDTit,  nt  leri  id  ecBtnsini  agerct.     Qaod  est,  in  modUa  v 
ditRB  OBse  iunumcnibilis  peni  yolciiB,  quemadmodum  in  oriHriis  Towram  coidlt.' 

*  Blsaud,  op,  ril,,  tome  Ir.,  p.  85, 
'  Babtet,  £irre!lalh  Analomiea  de  J/trfu  CorJii  d  Saapvln!*,  YtuicoUat^ 

IdSS,  p.  69.    In  our  copy  of  the  original  edition  ofthia  remHrkable  book,  latlM 
follonlng  minusciipt  nuto  by  a  former  owner :  "  Tbo  valTca  in  the  heart 
TUDi,  the  raniouB  Dr.  Harrcy  told  mi,  gnvo  him  the  first  liint  of  his  grind  dit" 
corery . — Bo  m." 
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means  of  vivisections.  As  is  evident  when  we  consider  tlie 
Btate  of  science  at  that  time,  anatomists  had  long  been 
preparing  the  way  for  the  diaeovery  of  the  circulation,  thongh 
they  knew  little  of  the  functions  of  the  porta  they  describeii 
The  confonnatioo  of  the  heart  and  vessels,  and  even  the 
arrangement  of  the  valves  of  the  veins,  did  not  lead  them  to 
siLspect  the  course  of  the  blood ;  but  a  few  well  conceived 
exjxiriments  on  living  animals  have  made  it  appear  bo  sim* 
pie,  that  we  now  wonder  it  remained  untno\vn  so  long. 
Furthermore,  these  experiments  made  it  evident  that  there 
was  a  commmiication  at  the  periphery  between  the  arteries 
and  the  veins. 

In  tlie  work  of  Harvey  are  described,  first,  the  move- 
inentH  of  the  heart,  which  he  exposed  and  studied  in  living 
animals.  He  describes  minutely  all  the  phenomena  which 
accompany  its  action;  its  diastole,  when  it  is  HHed  with 
blood,  and  its  systole,  when  the  fibres  of  which  the  ventricles 
are  composed  contract  simultaneously, and  "by  an  admirable 
adjustment  all  the  internal  surfaces  are  drawn  together,  as 
if  with  cords,  and  so  is  the  charge  of  blood  expelled  with 
force."  From  the  description  of  ttie  action  of  the  ventricles, 
be  passes  to  the  auricles,  aud  shows  how  these,  by  their  con- 
traction, iiil  the  ventricles  with  blood.  By  experiments 
upon  £er]>ents  and  tislies,  he  proved  that  the  blood  Ulls  the 
heart  from  the  veins,  and  is  sent  out  into  the  ai'teries.  Ex- 
posing the  heart  and  great  vessels  in  these  animals,  he  applied 
a  L'guture  to  the  veins,  which  liad  the  eB'ect  of  cutting  oft' 
the  supply  from  the  heart  so  that  it  became  pale  and  flaccid ; 
and  by  removing  the  ligature  the  blood  could  be  seen  flowing 
into  the  organ.  When,  on  the  contrary,  a  ligature  was 
applied  to  the  artery,  the  heart  became  unusually  distended, 
which  continued  as  long  as  the  obstruction  remained.  When 
tlie  ligature  was  removed,  the  heart  soon  returned  to  its 
}  mroial  condition.' 

pe  descriptions  given  by  Harvey  were  the  result  of  nu- 
PTbe  Wotlu  of  WUlkm  Burey,  U.  D.    SydcaUm  Edition,  p.  S3. 
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a  experiments  upon  living  animals ;  exposing  tlic  heart 
of  cold-blooded  atiiinals,  in  whidi  the  movements  are  com- 
paratively Blow;  Btudying  also  the  action  of  this  organ  in 
warm-biooded  animals,  after  its  movements  had  become 
enfeebled.  As  we  shall  see  when  we  come  to  deacribe  the 
movements  of  the  heart,  nothing  can  exceed  the  simplicity 
and  accuracy  of  the  descriptions  of  Harveyj  which  are  unt 
versally  aclvnowledged  to  l>e  correct  in  almost  every  pui- 
ticular. 

Ilarvey  completed  his  description  of  the  circulation,  by 
experiments  eliowing  the  course  of  the  blood  in  the  arteric*. 
and  veins,  and  the  uses  of  the  valves  of  the  veins.  Thees 
experiments  are  models  of  simplicitj  and  pertinence.  First, 
he  showed  that  a  ligature  tightly  applied  to  a  limb  preventcii 
the  blood  fi-om  entering  the  artery  and  arrested  palaatioiL 
The  ligature  tlien  relaxed,  and  applied  with  moderate  tigh^ 
ness  so  as  to  compress  only  the  superficial  veins,  allowed  the 
blood  to  pass  into  the  part  by  the  arteries,  but  prevented  Ita 
return  by  the  veins,  which  consequently  became  excessively 
congested.  The  ligature  being  removed,  the  veins  good 
emptied  themselves,  and  the  member  regained  its  ordiQU^' 
appearance.' 

He  observed  the  "knots"  in  the  veins  of  the  arm  when  a 
ligature  is  applied,  as  for  phlebotomy,  and  showed  that  the 
space  between  these  knots,  which  are  formed  by  tho  volvei, 
could  be  emptied  of  blood  by  pressing  toward  the  heart,  and 
would  not  fill  itself  while  the  iinger  was  kept  at  the  lowec 
extremity.  It  was  impossible,  by  pressure  with  the  fingers, 
to  force  the  blood  back  through  one  of  the  valves,' 

By  such  simple,  yet  irresistibly  conclusive  experimental 
was  completed  the  chain  of  evidence  establishing  tha 
fact  of  tlie  circulation  of  the  blood.  Truly  is  it  said  that 
here  commenced  an  epoch  in  the  study  of  physiology;  for 
then  the  scientific  world  began  to  emancipate  itself  from  tho 
ideas  of  the  ancients,  which  had  held  despotic  sway  for  two 
'  Op.  CI/.,  p.  OB  <(  uq.  '  Ibid.,  p.  SO. 
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centuries,  and  stndy  Nature  for  themselTes  hy  inenns  of 
experiments, 

Tlionjjih  Harvey  described  eo  perfectly  the  course  of  the 
blood,  and  left  not  a  sliadow  of  doulit  as  to  the  communica- 
tion  between  the  arteries  and  reins,  it  waa  left  to  others  to 
actually  see  the  blood  in  inovenient  and  follow  it  from  one 
system  of  vessels  to  the  other.  In  1001,  Malpiglii  saw  the 
blood  circulating  in  the  vessels  of  the  lung  of  a  living  frog, 
in  examining  it  with  magnifying  glasses;  and  a  little  Inter, 
Lceuweiilioek  saw  the  circulation  in  the  wing  of  tho  bat. 
The  great  discovery  was  then  completed. 

Enough  has  been  said  in  the  preceding  historical  sketch 
to  gi\*e  a  general  idea  of  the  course  of  the  great  nutritive 
flntd,  and  the  natural  anatomical  and  physiological  divisions 
of  the  circulatory  s^-stein.  There  is  a  constant  flow  from  the 
central  organ  to  all  the  tissues  and  oi^ana  of  the  body,  and  a 
oonitant  return  of  the  blood  after  it  has  passed  throngh 
these  parte.  But  before  the  blood,  which  has  thus  been 
bronght  back,  is  flt  to  return  again  to  the  system,  it  miist  pass 
throngh  the  lungs  and  undergo  the  changes  which  constitute 
the  process  of  llespiration.  In  some  animals,  like  fishes,  the 
same  force  sends  the  blood  through  the  gills,  and  from  them 
throogh  the  system.  In  others,  like  the  reptiles,  a  mixture 
of  Berated  and  nou-aiirated  blood  takes  place  in  the  heart, 
uid  tlie  general  system  never  receives  blood  that  has  been 
folly  arterialized.  But  in  man  and  all  warm-blooded  ani- 
mals, the  organism  demands  blood  that  has  been  fully  pnrified 
asd  a\ygenated  by  its  passage  throogh  the  lungs,  and  here 
we  find  the  lirst  great  and  complete  divisions  of  the  circula- 
tion into  tlie  pulmonary  and  systemic,  or,  as  they  have  been 
colled,  Ihe  lesser  and  greater  circulation.  The  heart  in  this 
instance  is  double ;  having  a  right  and  left  side  whicli  are 
entirely  distinct  from  each  otiier.  The  right  heart  receives 
the  bloiMl  as  it  is  brought  from  the  syslem  by  the  veins,  and 
sends  it  to  the  longs ;  the  left  heart  receives  the  blood  from 
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the  lungs  and  sends  it  to  the  system.'  It  must  be  borne  in 
mind,  however,  that  thongli  the  two  eidea  of  the  heart  a 
distinct  from  each  other,  their  action  is  eimultaneouB ;  and  in 
studying  the  motions  of  this  organ,  we  will  find  that  the 
blood  is  sent  simnltaneonBlj  from  tlie  right  side  to  the  lungij, 
and  from  the  left  side  to  the  system.  It  will  not  be  neceesaij, 
therefore,  to  separate  the  two  circulations  in  onr  etady  of 
their  mechanism ;  for  the  siiimltaneoua  action  of  both  gidet 
of  the  heart  enables  na  to  study  its  fimetions  as  a  single 
organ,  and  the  constitution  and  operations  of  the  two  kinds 
of  vessels  do  not  present  any  material  differences. 

For  convenience  of  stndy,  the  circulatory  system  may  be 
divided  into  heurt  and  vessda,  the  latter  being  of  three 
kinds:  the  arteries,  which  carry  blood  from  the  heart  to  the 
system;  the  capillariea,  which  distribute  the  blood  more  or 
less  abundantly  in  different  parts  of  the  system ;  and  the 
vehis,  wliich  return  the  blood  from  the  system  to  tbo  heart.' 
The  function  of  each  of  these  divisions  may  be  considered 
separately. 

Action  of  the  Heart, 

Physiological  Anat&>ny  of  the  Heart. — The  iieart  of  the 
human  subject  is  a  pear-shaped,  muscular  organ,  situated 
in  the  thoracic  cavity,  with  its  base  about  in  the  mediaa' 
line,  and  its  apex  at  the  fifth  intercostal  space,  midway  b 
tweeu  the  median  line  and  a  perpendicular  dropped  throtigil 
the  left  nipple.  Its  weight  is  fVom  8  to  10  ounces  in  iIh 
female,  and  from  10  to  12  ounces  in  the  mate.  It  haa  foiiP 
distinct  cavities :  a  right  and  a  left  auricle,  and  a  right  unci 
a  left  ventricle.  Of  these,  the  ventricles  are  the  more  capa- 
cious. The  heart  is  held  in  place,  or  may  be  said  to  be' 
attached,  by  tlie  great  vessels,  to  the  posterior  wall  of  the 
thorax,  while  the  apex  la  free  and  capable  of  a  certain  d^reO' 

'  In  some  &[iimD]a,  as  llic  dugong,  tbe  divlEicoi  betirccc  tlic  tiro  eiilee  of  llw 
hcnrt  a  vrrj'  marked.    Tlie  heart  u  rcnllj  double,  baviiig  two  ptnuu,  lli« 
sidca  joined  together  odIj  at  tbe  buse. 
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of  motion,  Tiie  whole  organ  is  enveloped  in  a  fibrous  sao 
vailed  the  pericardium,  lined  by  a  serons  membrane  wbich  is 
attached  to  the  great  vessels  at  tlie  base  and  reflected  over  its 
tarface.  This  sac  is  lubricated  by  a  druchm  or  two  of  fluid,  so 
that  the  movements  are  normally  accomplished  without  any 
friction.  The  serous  pericai-dium  does  not  present  any  differ 
enees  from  serous  membranes  in  other  situations.  The  cav 
ities  of  the  heart  are  lined  by  a  smooth  membrane,  called  the 
endocardium,  which  is  continuous  with  the  lining  membrane 
of  the  blood-veseela. 

T/ie  ri^M  auride  receives  the  blood  from  the  vente  cavte 
and  empties  it  into  the  right  ventricle.  Tlie  aliricle  presents 
A  principal  cavity  or  sinua,  as  it  is  called,  with  a  little  appen- 
dix, called,  from  its  resemblance  to  the  ear  of  a  dog,  the 
auricnlar  appendix.  It  has  two  large  openings  lor  the  vena 
cava  ascendena  and  the  vena  cava  descendens,  with  a  small 
opening  for  the  coronary  vein,  which  brings  the  blood  from 
the  substance  of  the  heart  itself.  It  has,  also,  another  large  . 
opening,  called  the  anricnlo-ventricular  opening,  by  which 
tlie  blood  flows  into  the  ventricle.  The  walls  of  this  cavity 
are  quite  thin  as  compared  with  the  ventricles,  measuring 
about  one  line.  Tlicy  are  constituted  of  muscular  fibres 
which  are  arranged  in  two  layers ;  one  of  which,  the  external, 
is  common  to  both  auricles,  and  the  other,  tiie  intemnl,  is 
proper  to  each.  These  muscular  fibres,  though  involuntary 
in  their  action,  belong  to  the  striped,  or  what  is  termed  vol- 
Qfltarj-,  variety,  and  are  similar  in  structure  to  the  fibres  of 
the  ventricles.  The  fibres  of  the  auricles  are  nmch  fewer 
tlian  those  of  the  ventricles.  Some  of  them  are  looped,  arising 
tVom  a  cartilaginous  ring  which  separates  the  auricles  and 
ventricles,  and  passing  over  the  auricles ;  and  others  are  cir- 
cular, surrounding  the  auricular  appendages  and  the  openings 
of  the  veins,  extending,  also,  a  short  distance  along  the  course 
of  tJiese  vessels.  One  or  two  val\-ular  folds  are  found  at  the 
orifice  of  the  coronary  vein,  preventing  a  reflux  of  blood ;  but 
a  KK  BO  valv<s  at  the  orifices  of  the  vente  cava;. 
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The  Uft  auricle  receives  tlie  blood  wliicb  comes  fium  tlie 
iuiige  by  tlie  pnlmouarj'  veins.  It  does  not  differ  materially 
iu  its  aiiatomy  from  tlie  riglit.  It  is  a  little  smaller,  and  ita 
wuUb  are  thicker,  meaGuring  about  a  line  and  &  balf.  It  has 
lour  openings  by  wbicli  it  receives  the  blood  from  t!ie  four  pnl- 
nionary  veins.  These  openings  are  not  provided  with  valves. 
Lilio  tlie  right  auricle,  it  has  a  large  opening  by  ivhicli  llie 
blood  flowa  into  the  left  ventricle.  The  arrangement  of  tbo 
muscular  fibres  is  essentially  the  same  as  in  the  riglit  auricla 

In  adult  life  the  cavities  of  the  auricles  are  entirely' 
diBfinct  from  ea«b  other.  Before  liirth  they  communicate 
by  a  large  opening,  the  foramen  ovale,  and  the  oritice  of 
the  inferior  vena  cava  is  provided  with  a  membranous  fold, 
the  Eustachian  valve,  which  serves  to  direct  tlie  blood  from 
the  lower  part  of  the  body  through  this  foramen  into  the 
left  auricle.  Alter  birth  the  foramen  ovale  is  closed,  and  the 
Eustachian  valve  gradually  disappeai-s. 

Th^  ventrideH,  in  the  human  subject  and  in  warm-blooded' 
animals,  constitute  the  bulk  of  the  heart.  They  have  a  ca- 
pacity somewhat  greater  tlmn  that  of  the  auricles,  and  ai* 
provided  with  thick  muscular  walls.  It  is  by  the  powerflll 
action  of  this  portion  of  the  heart  that  the  blood  is  forced,  OQ 
the  one  hand,  to  the  lungs  and  back  to  the  left  side,  and  ott 
the  other,  through  the  entire  system  of  the  greater  circnUtion 
to  the  right  aide.  It  was  supposed  by  Lcgallois'  that  thi 
capacity  of  the  right  ventricle  was  considerably  greater  tham 
the  left,  while  the  more  recent  observations  of  Bouillaud*  00 
the  human  heart  seem  to  show  that  there  is  no  great  diffet^ 
ence  between  the  two  sides  in  this  regard.  The  most  recent 
and  conclusive  observations  on  this  subject  are  those  of  Hif- 
felsheini  and  Robin.'  In  these  experiments  the  cavities 
were  filled  with  an  injection  of  wax,  and  tlio  estimate* 

'LKaiLLOiB,    (Btivrri,   Puis,  I8ai,loiDa  ).,  p.  SSL 

*  J.  BoGil.Lit*p,  TraUi  CUnigue  da  JfalaJiai  du  Caur,  prlciJI  de  Rtfh'reii 

twi'tlUt  turrJiuaomiaBl  la  Phi/thloffit  deceit*  OrffaHe,YKi»,1841,Ua^Bl.,p^6A, 
'  Jaamal  dt  rAnataniit  el  lit  la  Phgtiot'iji/,  P«ri«,  juiilsl,  1864,  p.  418. 
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t  by  calculating  tlie  amount  oi'  liquid  displaeetl  by  tlie 
Ms  of  tlie  different  cavities.  Care  was  taken  to  make 
tlio  iujeetion  in  animals  before  cadaveric  rigidity  set  in,  or 
atter  it  had  passed  away  in  tlie  human  subject.  Tlie  cora- 
parutive  resalls  obtained  by  these  observers  are  the  most 
interesting,  for  the  cavities  were  undoubtedly  distended  by 
the  injection  to  their  extreme  capacity,  and  contained  more 
than  they  ever  do  during  life.  They  found  tlie  capacity  of 
the  right  auricle  from  y^j  to  ^  greater  than  that  of  the  left. 
The  capacity  of  the  right  ventricle  was  from  -jV  to  \  greater 
tliao  that  of  the  left,  but  more  frequently  there  was  less  dis- 
parity between  the  two  ventricles  than  between  the  auricles. 
The  capacity  of  each  ventricle  exceeded  that  of  the  eorre- 
eponding  auricle  by  from  ^  to  i.  Nine  times  out  of  ten,  this 
predominance  of  the  ventricle  was  more  marked  on  the  left 
side.  The  absolute  capacity  of  the  left  ventricle,  according 
to  these  observations,  is  from  143  to  212  cubic  centimeter?!, 
which  is  about  4"8  to  T  ounces.  This  is  much  greater  than 
most  estimates,  which  place  the  capacity  of  the  various  cavi- 
ties, moderately  distended,  at  about  2  ounces.  The  estimates 
of  Volkmann  and  Valentin  are  about  equal  to  those  we  have 
cited. 

In  spite  of  the  disparity  in  the  extreme  capacity  of  tlie 
various  cavities,  the  quantity  of  blood  which  enters  the  cav- 
ities is  necessarily  equal  to  that  which  is  expelled.  This  is  given 
in  the  "Cycloptedia  of  Anatomy  and  Physiology"  (vol.  ii., 
p.  585)  as  a  little  more  than  two  ounces.  Tiicro  are  no  means 
of  estimating  with  exactness  the  quantity  of  blood  discharged 
with  each  ventricular  contraction  ;  and  we  find  the  question 
nther  avoided  in  works  on  physiology.  All  we  can  say  is, 
that  from  observation  on  the  heaii  during  its  action,  it  never 
eeeins  to  contain  much  more  tlmn  half  the  quantity  in  all  its 
cavities  tliat  it  does  when  fuily  distended  by  injection;  but 
it  ia  the  right  cavities  which  are  most  dilatable,  and  prol)- 
■bly  the  ordinary  quantity  of  blood  in  the  left  ventricle  is 
tvithin  one-fifUi  or  one-sixth  of  its  extreme  capacity. 
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The  cavities  of  the  ventriclee  are  triangular  ov  conoidal^ 
the  right  being  hroader  anJ  shorter  than  the  left,  which  ex- 
teuds  to  the  apex.  The  inoer  surface  of  both  cavities  u 
marked  by  peculiar  ridges  and  pajjilhe,  which  are  called  the 
columnw  carnetE.  Some  of  these  are  mere  fleshy  ridges  pro- 
jecting into  the  cavity ;  others  are  columns  attached  by  eaA 
extremity  and_  free  at  the  central  portion;  and  others  art 
papiUffi  giving  origin  to  the  cAordiE  tendinew,  which  are  at- 
tached to  the  free  edges  of  the  auriculo-ventricular  ralvea. 
These  fleshy  colnmna  interlace  in  every  direction,  and  gire 
the  inner  surface  of  the  cavities  a  reticulated  appearanca 
This  arrangement  evidently  facilitates  the  complete  emptying 
of  the  venti'icles  during  their  contraction. 

The  walls  of  the  left  ventricle  are  uniformly  much  thickei 
than  the  right.     Bonillaud  found  the  average  thickness  c 
the  right  ventricle  at  the  base  to  be  2J  lines,  and  the  tliickr 
nees  of  the  left  ventricle  at  the  corresponding  part  7  lines. 

Tlio  amuigemcnt  of  the  mnscnlar  fibres  constituting  thf 
walls  of  the  ventricles  is  more  regular  than  in  the  aorid 
and  their  course  enables  us  to  explain  some  of  the  phenom- 
ena  which  accompany  the  heart's  action.  The  direction  of 
the  fibres  cannot  be  well  made  out  unless  the  heart  has  been 
boiled  for  a  number  of  hours,  when  part  of  the  intermus^ 
cnlar  tissue  ia  dissolved  out,  and  the  fibres  can  be  easily  & 
arated  and  followed.  Without  going  into  a  minute  descrip- 
tion of  their  direction,  it  is  suflicieut  to  state,  in  this  cons 
nection,  that  they  present  two  principal  layei-s:  a  supeiS 
ficial  layer  common  to  both  ventricles,  and  a  deep  laya 
proper  to  each.  The  superficial  fibres  pass  obliquely  fliin 
right  to  left  from  the  base  to  the  apex;  here  tbey  take  ft 
spiral  course,  become  deep,  and  pass  into  the  interior  of  t 
organ  to  form  the  columnos  carnea?.  These  fibres  envelop 
both  ventricles.  They  may  be  said  to  arise  from  cartilaginont 
rings  which  smTOund  the  auriculo-ventricular  orifices.  Thi 
external  surface  of  the  heart  is  marked  by  a  little  groovi 
which  indicates  the  division  between  the  two  Tentriclea. 
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pe  dwp  fibres  are  circular,  or  traoevcrie,  and  sarround 

ffveDtricIe  separately. 

The  muscular  tissuo  of  the  heart  is  of  a 
deep  red  color,  and  resembles,  in  its  gross 
characters,  the  tissue  of  ordinary  voluntary 
ma&cles ;  but,  as  already  intimated,  it  pre- 
Bcots  certain  peculiarities  in  its  minute  anatr 
omy.  The  fibres  are  considerably  smaller 
and  more  granular  than  those  of  ordinary 
moEcles.  They  are,  moreover,  connected  with 
each  other  by  short  inosculating  branches, 
wliilein  the  Tolnntarymuscleseaeh  fibre  runs 
&om  ita  oritiin  to  its  insertion  enveloped  m  im  obms  from  iiio  hn. 
its  proper  sheath,  or  sarcolemiua.  In  the  *"-' 
heart  the  fibres  have  no  earcolemma,'  These  peculiarities, 
particidarly  the  inosealation  of  the  fibres,  favor  the  contrac- 
tion of  the  ventricular  walla  in  every  direction,  and  the  complete 
expulsion  of  tlie  contents  of  the  cavities  with  every  systole. 

£ach  ventricle  has  two  orifices ;  one  by  which  it  receives 
the  blood  from  tlie  auricle,  and  the  other  by  which  the  blood 
passes  from  the  right  side  to  the  lungs,  and  from  the  left  side 
to  the  system.  All  of  these  openings  are  provided  with  valves, 
which  are  so  arranged  as  to  allow  the  blood  to  pass  in  but 
one  direction. 


Tricuspid  Yalve. — This  valve  is  situated  at  the  right 

anricnlo-ventricular  opening.     It  has  three  curtains,  formed 

of  a  tliiu  but  resisting  membrane,  which  are  attached  aroimd 

'  e  opening.     The  tree  borders  are  attached  to  the  chordte 

I,  some  of  which  arise  from  the  papillie  on  the  inner 

ribee  of  the  ventricle,  and  others  directly  from  the  walls  of 

IB  *tita  {Dittiontiaire  dt  JUtdtcinf,  He.,  dt  J*.  H.  Sj/ttrn,  oruiimt  tdition 
■iaCb.  Bobia.  Caur.)  thu  tlie  fibres  of  tlie  beut  Iwvb  no  earco- 
irlilch  I  bdiere  to  b«  the  fact,  though  Eulliker  (3fantial  of  MierotcopK 
Aaalomy,  Loudtm,  1860,  p.  477)9iirB:  " Their sarcolemmniaTerydelicttle, or  btch 
tokj  not  bo  dcnranatrablc  si  uU,  except  bj  tbe  sid  of  reagents." 
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the  ventricle.    Wlien  the  organ  is  empty,  these  cartoiiis  ara 
applied  to  the  walls  of,  the  ventricle,  leaving  the  auricnlo- 
ventricular  opening  I'l-ee;   but  when   the  ventricle  is 
pletelj  filled,  and  the  tibi-es  contract,  thev  are  forced  tip,  tlieir 
free  edges  become  applied  to  eavh  other,  and  the  opening 
closed. 

Pulmonic  Valves. — These  valves,  also  called  the  sem^ 
lunar  or  sigmoid  valves  of  the  right  side,,  are  situated  at  tha 
orifice  of  the  pulmonary  artery.  They  are  strong  membra^ 
nona  pouches,  with  their  convexities,  when  closed,  looking 
towards  the  ventricle.  Tliey  are  attached  around  the  orifice 
of  the  pulmonary  artery,  and  are  applied  very  nearly  to 
walls  of  the  vessel  when  the  blood  passes  in  fi'om  the  veit- 
tricle ;  but  at  other  times  their  free  edges  meet  in  the  eentre, 
forming  an  efi'eetual  barrier  to  regurgitation.  In  the  centre 
of  the  free  edge  of  each  valve  is  a  little  corpuscle  called  the 
corpuscle  of  Arantiua  ;  and  just  above  these  points  of  attaek< 
ment,  the  artery  presents  three  little  dilatations,  or  sinoBce, 
called  the  sinuses  of  Ycdsalca.  The  corpoflclea  of  Arantiua 
have  been  supposed  to  facilitate  the  closure  of  the  valvM  by 
slightly  removing  them  from  the  walls  of  the  vessel,  so  that 
the  blood  may  get  behind  them.  This,  however,  ia  probably 
not  their  function.  They  aid  in  the  adaptation  of  the  Talres. 
to  each  other,  and  the  etl'ectual  closure  of  the  orifice. 

Mitral  Vah'e. — This  valve,  sometimes  called  the  hicnspidj 
ia  situated  at  the  left  auriculo-ventricular  orifice.  It  is  cidled 
mitral  from  its  resemblance,  when  open,  to  a  bishop's  miCreb 
It  ia  attached  to  the  edges  of  the  opening,  and  its  free  bordera 
arc  held  in  place  when  closed  bj  the  chordie  tendinete  of  the 
left  side.  It  presents  no  material  difierence  from  tlie  t 
cuspid  valve,  with  the  exception  that  it  la  divided  into  twc 
curtains  instead  of  three. 

Aortic  Vah'ds. — These  valves,  also  called  the  seniilnni 
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or  sigmoid  valves  of  tlie  left  aide,  present  no  differc-nue  from 
the  valves  at  the  orifice  of  the  pulniouaiy  artery.  They  arc 
bitnated  at  tbe  aortic  oritice. 

Tlie  physiological  anatomy  of  the  tricuspid  and  mitral 
Talves  may  be  studied,  liy  etitting  away  the  auricles  eo  as  to 
expose  the  auriculo-ventricnlar  ogtfiings,  introdncing  a  pipe 
into  tbe  pulmonary  arterj'  and  Jorta,  after  destroying  the 
eemilnnar  valves,  aud  then  Ibrcin*  water  into  the  ventricles 
by  a  syringe  or  from  a  hydrant.  In  this  way  tile  play  of  the 
valves  will  ho  bcaatii'ully  exhibited. 

We  can  study  tbe  action  of  the  scmilnnar  valves,  by 
cutting  away  enough  of  tfic  \'eutricles  to  expose  them,  and 
forcing  water  into  the  vessels.  These  experiments  give  an 
idea  of  the  immense  atrengtli  of  the  valves;  for  they  can 
hardly  be  ruptured  by  »  force  wliich  ia  not  suEScient  to  rup- 
ij^ue  tbe  veescls  themselves. 


^5n 
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[n  studying  the  phenomena  which  accompany  the  action 
of  the  heart,  wo  shall  follow  the  coiii-se  of  the  blood,  begin- 
ning with'  it  as  it  flows  from  tlie  vessels  into  the  auricles. 
The  dilatation  of  the  cavities  of  the  heart  is  called  tbe  d'lastoh, 
and  their  contraction  the  systole.  When  these  terms  are 
need  without  any  qualification,  they  are  understood  as  refer- 
ring to  the  ventricles ;  but  they  are  also  applied  to  the  action 
of  the  auricles,  as  tbe  auricular  diastole  or  systole,  which,  as 
we  fibsll  see,  ia  distinct  trora  tlie  action  of  the  ventricles. 

A  complete  revolution,  so  to  speak,  of  tbe  heart  consists 
ia  the  filling  and  emptying  of  alt  its  cavities,  during  which 
they  experience  an  alternation  of  repose  and  activity.  As 
these  phenomena  occupy,  in  many  warm-bloodeil  aniuials,  a 
period  of  time  less  than  one  secontl,  it  will  be  appreciated 
that  the  most  careful  study  is  necessary-  in  order  to  ascertam 
their  exact  relations  to  each  other.  When  the  heart  is  ex- 
it! a  living  animal,  the  most  iiroroineut  plicnomenon 
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U  the  allernivto  contraction  and  relaxation  of  the  veutrieles; 
but  tbla  is  only  one  of  the  operations  of  the  organ.  In  any 
of  the  class  of  maiamals  the  anatomy  and  action  of  the  vas- 
cular Bystem  are  to  all  intents  and  puri>oses  the  same  as  in 
the  human  subject ;  aud  though  the  exposure  of  the  heart  by 
opening  the  cbest  modifies  Boiuewhat  the  force  and  frequency 
of  its  pulaatious,  the  varioua  phenomena  follow  each  other 
in  theii-  natural  order,  and  present  es^ntially  their  normal 
characters.  TLe  operation  of  exposure  of  the  heart  may  be 
performed  on  a  living  animal  without  any  great  difficulty ; 
and  if  we  simply  take  care  to  keep  up  artificial  respiration, 
the  action  of  the  heart  will  continue  for  a  considerable  time.' 
We  may  keep  the  animal  quiet  by  the  administration  oi 
ether,  or  by  poisoning  with  woorara,  the  latter  agent  acting 
upon  the  niotor  nerves,  but  having  no  effect  upon  the  heart. 
Having  opened  the  chest,  we  see  the  heart  enveloped  in  ita 
pericardium,  regularly  performing  its  functions ;  and  on 
slitting  up  and  removing  tliis  covering,  the  various  parts  are 
completely  exposed.  The  right  ventricle  and  auricle,  and 
a  portion  of  the  left  ventricle,  can  bo  seen  without  disturbing 
the  position  of  the  parts;  but  the  greater  part  of  the  left 
auricle  is  concealed.  As  both  auricles  and  ventricles  act 
together,  the  parts  of  the  heart  which  are  exposed  are  suffi- 
cient for  purposes  of  study. 

Action  of  the  Auricles. — Excepting  the  short  time  occn- 
pied  in  the  contraction  of  the  auricles,  these  cavities  are  con- 
tinually receiving  blood  on  the  right  side  from  the  system, 
by  the  venaj  carte,  and  on  the  left  side  from  the  lungs,  by 
tliB  pulmonary  veins.  This  continues  until  their  cavitiea  are 
completely  filled,  the  blood  coming  in  by  a  steady  current; 
and  during  tlie  repose  of  the  heart,  the  blood  is  also  flowing 

'  For  »  full  tkscripliotk  of  Uic  operations  for  ctpoeing  the  bout  in  livitig  uL 
ni»Ii,  tlio  reai]«r  is  referrfld  lo  in  nrliclB  by  the  amhor  in  the  Amcncan  Joum^ 
of  lite  Iftdieal  Hcienea,  October,  13SI,  cnlltled  ExptrimtTital  Reiearfha  impaiiiU 
coimetttd  KiVA  lAt  .itHon  oftlie  Heart  aail  wM  JlaplralioH. 
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tlirongli  tlie  patent  auriciilo-veutricular  orifices  into  the  ven- 
tricles. When  the  nuriclea  have  become  fully  distended,  tliey 
contract  quickly  and  with  considerRble  power  (the  auricular 
Bvstole),  and  force  the  blood  into  the  ventricles,  efiecting  the 
complete  diastole  of  these  cavities.  During  this  contraction, 
the  blood  not  only  ceases  to  flow  in  from  the  veins,  but  somci 
of  it  is  regurgitated,  as  the  orifices  by  which  the  vessels  open 
into  the  anricles  are  not  provided  with  valves.  The  size  of 
the  aurienlo-ventricular  orifices  is  one  reason  why  the  greater 
portion  of  the  blood  is  made  to  pass  into  the  ventricles ;  and 
iurthernioro,  during  the  auricular  systole,  the  muscular  fibres 
which  are  arranged  around  the  orifices  of  the  veins  constrict 
them  to  a  certain  extent,  which  tends  to  diminish  the  reflux  of 
blood.  There  can  be  no  doubt  that  some  regurgitation  takes 
place  from  the  auricles  into  the  veins,  but  this  prevents  the 
poesibility  of  over-distention  of  the  ventricles. 

It  has  heeu  shown  by  experiments  that  the  systole  of  the 
auricles  is  not  immediately  necessary  to  the  performance  of 
the  circulation.     M.  JTarey,"  in  a  recicnt  work  on  the  circu- 
I,  cites  an  exjieriment  of  Chauveau  in  which  the  con- 
;i)ity  of  the  amides  was  temporarily  exhausted  by  pro- 
id  irritation ;  nevertheless  the  ventricles  continued  to  act 
and  keep  up  the  circulation. 

A.ct,!oii  <ff  the  TVn^?'<cto,— Immediately  following  the 
contraction  of  the  auricles,  which  has  the  efl'ect  of  producing 
complete  distention  of  tlie  ventricles,  we  have  the  contraction 
of  the  ventriclea.  This  is  the  chief  active  operation  performed 
Lj  the  heart,  and  is  generally  spoken  of  as  the  systole.  As 
we  should  expect  from  the  great  thickness  of  the  muscular 
walls,  tlie  contraction  of  the  ventricles  is  very  much  more 
powerful  than  that  of  the  auricles.  Ey  their  action,  the  blood 
is  forced  Irom  the  right  side  to  the  lungs  by  the  puhnonary 
artery,  and  from  the  left  side  to  the  system  by  the  aorta. 
B^orgitatioo  into  the  auricles  is  effectually  prevented  by  the 

'  UuxT,  Circulatiim  dn  Sang,  Faria,  1833,  p,  3S. 
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eloBure  of  the  tricuspid  and  mitral  vaWes.  This  act  aacota- 
plislied,  the  heart  has  a  period  of  repose,  the  blood  flowing 
into  the  auricles,  and  from  them  into  the  ventricles,  nutil  the 
auricles  are  filled,  and  another  contraction  takes  place. 

Locomotion  of  t/i«  Heart. — The  position  of  the  Iieart  after 
death,  or  during  the  repose  of  the  organ,  is  with  its  base  di- 
rected sliglitlj  to  the  right,  and  its  apes  to  the  left  side  of 
the  body;  but  with  each  ventricular  systole,  it  raises  itself 
up,  the  apes  is  sent  forward,  and  moved  a  little  from  left  lo 
right.  Tbe  movement  from  left  to  right  is  a  necessary  con- 
sequence of  tlie  course  of  the  superiicinl  libi'es.  The  fibres 
on  the  anterior  surface  of  the  organ  are  longer  than  those  on 
tlie  posterior  surface,  and  pass  from  the  base,  which  is  com- 
paratively Jixed,  to  the  apex,  which  is  movable,  From  tfaia 
anatomical  arrangement  tlie  heart  is  moved  upwards  and 
forwards.  Their  course,  from  tbe  base  to  the  apex,  is  from 
right  to  left ;  and  as  they  shorten,  the  apex  ia  of  neceed^ 
shghtly  moved  firom  left  to  right. 

Tlie  locomotion  of  the  entire  heart  forwards  was  observed 
by  Harvey  in  the  case  of  the  son  of  the  Viscount  Montgom- 
ery. The  young  man,  aged  about  nineteen  years,  soffered  a 
severe  injury  to  the  chest,  resulting  in  an  abscess,  which  on 
cicatrization  left  an  opening  into  which  Harvey  could  intro- 
duce three  fingers  and  the  thumb.  Tills  opening  was  directly 
over  the  apex  of  tbe  heart.  The  action  of  the  portion  of  the 
heart  thus  exposed  is  described  by  Harvey  in  the  following 
words : 

"  We  also  particnlarly  observed  the  movements  of  the 
heart,  liz.:  that  in  the  diastole  it  was  retracted  and  with- 
drawn; whilst  in  the  systole  it  emerged  and  protruded; 
aud  the  systole  of  the  heart  took  place  at  the  moment  the 
diastole  or  pulse  in  the  wrist  was  perceived.  To  conclude,  the 
heart  struck  the  walls  of  the  chest,  and  became  prominent  ftt 
the  time  it  bounded  upward  and  underwent  contraction  on 
itself.'" 

'  Euivir,  op,  rit.,  p.  SSI. 
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The  Itjcouiotion  of  the  heart  takes  place  in  the  direction 
of  its  axis,  and  ia  due  to  the  siiddeo  distention  of  the  great 
vee&eU  at  ita  base.  Tliese  vessels  are  eminently  elastic,  and 
08  tliey  receive  the  charge  of  blood  from  the  ventricles,  be- 
come enlarged  in  ev^T  direction,  and  consequeiitly  project 
the  entire  organ  against  the  waiis  of  the  chest.  Tliia 
movement  is  Bomewliat  aided  by  the  recoil  of  the  ventricles 
as  they  discbarge  tbeir  contents.  The  displacement  of  the 
hiATt  dm-ing  its  systole  has  long  been  observed  in  vivisec- 
tions, and  may  be  demonstrated  in  any  of  the  mammals. 
The  most  interesting  observations  on  this  point  are  tliose  of 
Cbauveau  and  Taivre,  which  were  matle  npon  a  monkey. 
In  this  animal,  in  which  the  position  of  the  heart  is  very 
macb  the  same  as  in  the  human  subject,  the  locomotion  of 
tlie  organ  was  fiiUy  established.' 

Txoistlng  (^  the  Heart. — The  epiral  course  of  the  super- 
ficial fibres  would  lead  us  to  look  for  another  phenomenon 
accompanying  its  contraction,  namely,  twisting.  If  we 
attentively  watch  the  apex  of  the  heart,  especially  when  ita 
actitm  has  become  a  little  retarded,  there  is  a  jialpable  twist- 
ing of  the  point  upon  itself  from  left  to  right  with  the  systole, 
and  an  untwisting  with  the  diastole. 

Hardening  of  tkc  Heart. — If  the  heart  of  a  living  ani- 
mal be  grasped  by  the  hand,  it  will  be  observed  that  at  each 
eystole  it  becomes  hardened.  The  fact  that  it  is  composed 
almost  exclusively  of  tibrea  resembling  very  closely  those  of 
the  voluntary  muscles,  explains  this  phenomenon.  Like  any 
other  muacle,  during  contraction  it  ia  sensibly  hardened. 

ShorUftitng  and  Elongation  of  the  Heart. — ^Tlie  foregoing 
phenomena  are  admitted  by  all  writers  on  physiologj-,  and 

'  Ji'tnuirllrt  StiAtrehm  rzpirimtnlala  ntr  la  MaatemenU  et  la  Bru'iU  ruir- 
maut  du  Citur,  mvUajit  ou  point  de  mur  de  la  Phytiologie  MidicaU.  Vti  A. 
CauTTiiC  el  J.  F*hs«.    Pari*,  1850,  p.  U. 
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can  easily  be  observed ;  bat  the  change  in  length  of  the  heart 
during  lis  eyetole  has  been,  tind  is  now,  a  matter  of  discossioru 
All  who  have  studied  the  heart  in  action  have  observei 
changes  in  length  during  contraction  and  relaxation ;  bnt  the 
contemjjoi'ariea  of  Harvey  were  divided  as  to  the  perifjds  in 
the  heart's  action  which  are  attended  with  elongation  and 
shortening.  Ilarvey  himself  is  not  absolutely  definite  on  thia 
point-  In  one  passage  he  saja,  in  describing  the  sys^tole^ 
"  that  it  is  everj where  contracted,  but  especially  towards  the 
sides,  so  that  it  looks  narrower,  relativdy  Jonger,  more  drawn 
together." '  In  hia  description  of  the  case  of  the  Viscount 
Montgomery,  who  suffered  from  ectopia  cordie,  he  states  that 
during  the  systole,  the  heart  "  emerged  and  protruded." '  Te- 
saliuB,  Riolan,  Fontana,  and  some  others,  contended  for  elon- 
gation during  the  systole;  but  Haller,  Steno,  Lancisi,  and 
Bassuel  contended  that  it  shortened.  The  view  generally 
entertained  at  the  present  day  is  that  t!ic  heart  becomes 
shorter  during  its  systole;  but  there  are  some  eminent  an- 
thoritiea  who  hold  an  opposite  opinion.  Among  the  latter 
may  be  mentioned  Drs.  Penuock  and  Moore,  who  made  a 
great  number  of  e.'qieriments  on  the  action  of  the  heart  in 
sheep  and  young  calves.  These  experimenta  were  made  in 
Philadelphia  in  ISSfl,  and  it  was  apparently  demonstrated 
that  the  heart  elongated  to  such  a  marked  degree,  tliat  the 
distance  could  be  measured  with  a  shoemaker's  rule.  In  one 
experiment  (a  ewe  one  year  old),  the  elongation  was  a  quarter 
of  an  inch."  Of  all  the  writers  of  systematic  works  on  phy- 
siology, Prof.  Dalton  is  the  only  one,  as  far  as  we  know,  who 
accepts  thia  view.'    The  experiments  of  this  obBer\-er  appa- 

'  Hakvkt's  Works,  pnliUshed  by  the  Sydeubam  Society,  p.  21. 

■  IbliL,  p.  384. 

*  BoFK,  on  lAe  Stari,  American  Edition  by  Penkock,  Pliilai]«1phia,  1S46, 
P.6B. 

'  Dalms,  a  Treatise  on  Human  Fht/nolorry,  PLilBJelphia,  18(14,  Uiinl  edition, 
pp.  S7fi,  ^"li.  The  bcart  of  Ifae  ef\  is  aoid  by  Halter  lo  elongile  during  iu 
TBUtricuiar  eyetole,  though  thia  ia  denied  bj  Fonlana  {Jfemoirn  Si  Halltr 
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reiitly  confirm  those  of  Dre.  Pennock  and  Mooie.  Some 
experiinenis  Dia<le  hy  the  author  a  few  years  ago,  published 
ill  the  "American  Journal  of  Medical  Sciencos,"  Oct.  1861, 
had  apparently  the  eame  result.  There  is  no  douht  that  ihe 
point  of  the  heart  is  protruded  during  the  ventricular  ajstole, 
aa  the  experiments  referred  to  conclusively  prove;  hut  the 
author  was  led  hy  the  perusal  of  rocent  experiments  byChau- 
veau  anil  Faivre,  to  recognize  the  fact  that  this  protrusion  is 
probahly  due  to  other  causes  thaa  the  elongation  of  the  ven- 
trick'B,  and  that  during  the  systole  the  ventricles  are  short- 
ened. The  esporinicnt  cited  by  these  eminent  physiologists 
ia  very  simple  and  conelusiva  It  is  made  hy  suddenly 
catting  tlie  heart  out  of  a  warm-blooded  animal,  and  watch- 
ing the  phenomena  which  accompany  the  few  regular  con- 
tractions which  follow.  They  found  that  the  veutriclea 
invariably  shortened  during  the  systole.  This  could  easily 
be  appreciated  by  the  eye,  hat  more  readily  if  the  point 
of  the  oi^n  were  brought  just  in  contact  with  a  plane 
surface  at  right  angles,  when  at  each  contraction  it  is 
anmiatakahly  observed  to  recede.'  This  experiment  we 
Iiave  lately  repeated  before  the  class  of  the  Bellevne  Hos- 
pital Uledical  College,  and  have  satisfied  onrselvea  of  its 
accuracy,  A  large  Newfoundland  pup,  about  nine  months 
old,  was  poisoned  with  woorara,  artificial  respiration  was 
kept  up,  and  ihe  heart  exposed.  After  showing  the  protru- 
eion  of  the  point  and  the  apparent  elongation  while  in  the 

■uue,  I'OO,  tomeiif.,  p.  £24);  bul  IneiperuncDting  on  tbcorgsa  ancreicieion, 
ihe  poiilion  in  which  il  is  held  U  importimt.  If,  for  example,  ne  lake  Ihe  heart 
of  a  tiirtlF  betvcen  the  thumb  and  finger  anil  bold  it  iritb  tbc  point  upwards,  the 
inntricle  Is  so  thin  and  flnblij  that  it  will  beeomo  fluttencd  during  the  interrala 
of  contruclion,  and  the  point  niU  be  coneidersbl;  elevated  at  each  cjslole;  but  if 
we  tcierse  the  poEilioa  uid  allow  the  paint  to  hang  down,  it  will  be  dranii  up  and 
the  veutrlule  wUl  eborten  with  the  sjelole. 

'  CRicrEic  ET  Faitre,  op.  at.,  p.  14.  These  obscrrers  show  the  aliortcn 
og  of  i]i«  heart  during  iia  e;sIo1c  b^  holding  il  b;  the  great  resacls  with  the  polut 
down.  It  is  moTc  Iree  from  Bonrcea  of  error  to  obi«rvc  the  pbenoincDu  aa  the 
heart  lies  on  a  flat  lorCice. 
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chest,  the  organ  was  rapidly  removed,  placed  upon  the  tnbk, 
and  confined  by  two  long  needles  passed  through  tlie  base, 
pinning  it  to  the  wood.  It  contracted  for  one  or  two  miit 
utes;  and  at  each  systole,  the  ventricles  were  manifestly 
shortened.  The  point  was  then  placed  against  an  upright^ 
and  it  receded  with  each  systole  about  an  eighth  of  an  mclu 
This  phenomenon  was  apparent  to  all  present. 

In  another  experiment,  performed  a  few  weets  later,  tb8 
heart,  which  had  been  exposed  in  the  same  way,  was  exam- 
ined  in  eliu  by  pinning  it  with  two  needles  to  a  thin  board 
passed  under  the  organ.  The  presence  of  these  needles  did 
not  seem  to  interfere  with  the  lieart's  action,  and  at  eadi 
ventricular  systole  the  point  ev-idently  approached  tlie  b 
To  render  this  absolutely  certain,  a  knife  was  fixed  in  thft 
wood  at  right  angles  to  and  touclilng  the  point  daring  the 
diastole,  and  a  small  silver  tube  was  introduced  throngh  tbai 
wails  into  the  left  ventricle.  At  eacli  contraction,  a  jet  of 
blood  spurted  out  through  the  tube,  and  the  point  of  the  beorl 
receded  from  the  knife  about  an  eighth  of  an  inch.  Ths 
animal  experimented  upon  was  a  dog  a  little  above  the  i 
dium  size. 

These  simple  experiments  demonstrate  that,  in  the  dog 
at  least,  the  ventricles  shorten  during  their  systole.  TM 
arrangement  of  the  muscular  fibres  is  too  nearly  identical  i 
the  heart  of  the  warm-blooded  animals  to  leave  room  1 
doubt  that  it  also  shortens  in  the  human  subject. 

The  error  which  has  arisen  in  this  respect,  and  wiiidt 
obtained  in  our  former  experiments,  is  due  to  the  locomotioB 
and  protrusion  of  the  entire  organ,  so  as  to  make  the  point 
strike  against  the  chest.  A  little  reflection  indicates  the 
mechanism  of  tUia  phenomenon.  During  the  intervala  of* 
contraction,  the  great  vessels,  particularly  the  aorta  and  pul- 
monary artery,  which  attach  the  base  of  the  heart  to  the  poB* 
tenor  wall  of  the  thorax,  are  filled,  but  not  distended,  witl 
blood ;  at  each  systole,  however,  these  vessels  are  distendodi 
to  their  utmost  capacity ;  their  elastic  coats  permit  of  cod* 
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sdenble  enlargement,  as  can  bo  seen  in  the  living  animal, 
and  thifl  enlargement,  taking  place  in  every  direction,  imslies 
the  wholo  organ  forward.  Wo  liave  also  considerable  lo(.*o- 
motion  L>t'  tlie  heart  from  recoil.  It  is  for  this  reason  that, 
obeerving  the  heart  tn  aitu,  the  ventricles  seem  to  elongate, 
and  an  instrument  applied  to  it  apparently  indicates  removal 
of  the  apex  from  the  base.  It  is  only  when  we  examine  the 
heart  firmly  fixed,  or  contracting  after  it  is  removed  from  the 
body,  tliat  we  can  appreciate  the  actual  changes  which  occur 
in  the  Wngfli  of  the  ventricles,' 

In  addition  to  these  marked  changes  in  form,  position, 
etc.,  which  the  heart  undergoes  during  its  action,  we  observe, 
oa  careful  examination,  that  the  surface  of  tlie  Tentriclea 
becomes  marked  with  slight  longitudinal  ridges  during  the 
qretole.  This  wus  not  observed  by  Harvey,  but  is  men- 
tioned by  nailer.* 

Imjiiilie  of  the  Heart. — Each  movement  of  the  heart  pro- 
daces  an  impulse,  which  can  be  readily  felt  and  sometimes 
seen,  in  the  fifth  intercostal  space,  a  little  to  the  left  of  the 
median  line.  Vivisections  have  demonstrated  that  the  impulse 
is  BjTichrouous  with  the  contraction  of  the  ventricles.  If 
the  hftud  be  introduced  into  the  chest  of  a  living  animal,  and 
the  finger  placed  between  the  point  of  the  heart  and  the 
walls  of  the  thorax,  every  time  we  Ijave  a  hardening  of  the 
point  tite  finger  will  be  pressed  against  the  side.  If  the  im- 
pulse of  tlie  heart  be  ielt  while  the  linger  is  on  the  ]inl9e,  it  is 
evident  that  tlie  heart  strikes  against  tlte  thorax  at  the  time  of 
the  distention  of  the  arterial  system.  The  impulse  is  duo  to 
tlie  locomotion  of  the  ventricles.    In  the  words  of  Harvey, 

'  The  olrttrvBtiona  of  Fonlsm  on  Iho  Ebortcning  of  ihe  benrl  are  very  oon- 
oliuiTe.  He  conslructcd  n  MvXe  iDatniment  coDsisllDg  of  tiro  vertioU  rulus,  slid- 
ti^  on  *  horiuKiiAl  b«r  like  a  slioeinaker'a  meaaurp,  one  of  whii'h  via  applied  to 
Ihobwe^  uiJlhe  other  jiut  grazed  Iho  apei.  Hccslimited  the  aliori«iii»g  of  tbe 
btoA  in  •  Umb  at  about  I<va  Puns  lines  (Mim.  dt  Sailer,  tome  liL,  p.  i26). 

*  £ttiiitnlii  Fhj/uologia,  toL  i.,  p.  389. 
12 
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"the  lieart  is  erected,  and  rises  upwards  to  a  point,  eo  that  it 
this  time  it  strikes  agamst  tlie  lireast  and  tlie  pulse  ia  felt  ex- 
ternally." '  In  tbe  csise  of  the  eon  of  the  Viscount  HuDt- 
goiiiery,  already  referred  to,  Harrey  gives  a  most  grapbie  dfr 
Ecriptiou  of  the  manner  in  which  the  heart  is  "  retracted  and 
withdrawn  "  during  tlie  diastole,  and  "  emerged  and  protrud- 
ed" during  the  systole. 

Suoceasion  of  the  Movements  of  the  Heart. — ^^Ve  lia^-e  li- 
ready  followed,  in  a  general  way,  the  course  of  the  blood 
Uirough  the  heart,  and  the  euccessive  action  of  the  varioui 
parts ;  but  we  have  yet  to  eousider  these  points  more  in  <3 
tail,  and  ascertain  if  possible  tbe  relative  periods  of  activi^ 
and  repose  in  each  portion  of  the  organ, 

Tlie  great  points  in  tbe  succession  of  movements  are  retld- 
ily  observed  iu  the  hearts  of  cold-blooded  animala,  where  ths 
pulsations  are  very  slow.  In  examining  the  heart  of  the  ito^ 
turtle,  or  alligator,  the  altcruations  of  repose  and  activity  an 
very  strongly  marked.  During  the  intervals  of  coutractioo^ 
the  whole  heart  is  flaccid,  and  the  ventricle  is  comparatiTei 
ly  pale;  we  then  pee  the  auricles  slowly  filling  with  Uoodj 
when  they  have  become  fuUy  distended,  they  contract  and 
fill  the  ventricle,  wliich  in  those  animals  is  single ;  the  ti 
tricle  immediately  contracts,  its  action  following  upon  1 
contraction  of  the  auricles  as  if  it  were  propagated  1 
them.  When  the  heart  is  filled  with  blood,  it  has  a  dark  red 
color,  which  contrasts  strongly  with  its  appearance  after  tltl 
systole.  Tliis  operation  may  occupy  from  ten  to  twenty  b 
onds,  giving  an  abundance  of  time  for  observation.  Tba 
ease  is  diSerent,  however,  with  the  warm-blooded  animftlfi,  in 
which  the  anatomy  of  the  heart  is  nearly  the  same  as  in  xatsu 
Here  a  normal  revolution  may  occupy  less  than  a  second,  an^ 
it  is  evident  that  the  varied  phenomena  we  have  just  i 
tionetl  are  followed  with  the  utmost  difficnlty.  In  spito  of 
this  rai>idity  of  action,  it  can  he  seen  that  a  rapid  contraction 
'  Op.  Ht. 


3f  the  anricles  precedes  the  ventricular  ej-stole,  and  that  the 
latter  is  synchronoiia  with  tlje  impulse. 

Vftrions  estimates  have  heen  uiade  of  the  relative  time 
occupied  liy  the  aoriciilar  and  ventricular  contractions.  This 
interesting  point  Las  been  carefully  studied  hy  MM.  Chau- 
vean  and  Fai\Te,  by  auscultating  the  heart  exposed  in  a  living 
animal,  and  establishing,  by  the  touch,  tlie  relationa  between 
the  contractions  of  its  different  parts  and  the  heart  sounile. 
These  ohservers  made  a  great  number  of  experiments  tipon 
korsea  and  dogs,  in  which  the  pulse  was  not  more  accelerated 
than  the  pulse  of  the  human  subject.  As  the  result  of  these 
observations,  the  following  nunibera  are  given  as  representing 
the  rhythm  of  the  niovenients  of  the  heart  in  man :  Auricular 
systole,  6 ;  Ventricular  systole,  10 ;  Diastole,  8."  Though  this 
estimate  is  perhaps  better  than  any  we  bad  before,  it  ia  evi- 
dent from  the  way  in  which  it  ivas  arrived  at  that  it  can  be 
nothing  more  than  an  approximation ;  for  it  ia  impossible  to 
estimate  accurately,  by  the  stethoscope  and  the  touch,  opera- 
tions  which  follow  each  other  with  such  rapidity. 

This  qnestion  has  been  at  last  definitely  settled  by  the 
late  observations  of  Marey,  wlio  has  constructed  some  very 
iogenions  instruments  for  registering  the  form  and  frequency 
of  the  pulse.  He  devised  a  series  of  most  luteresting  experi- 
ments, in  which  he  was  enabled  to  register  simultaneously 
the  pulsations  of  the  different  divisions  of  the  heart,  and  has 
eiicceeded  in  establishing  a  definite  relation  between  the  con- 
tractions of  the  auricles  and  ventricles.  The  method  of  M. 
Marey  enables  us  to  determine,  to  a  small  fraction  of  a  sec- 
ond, the  duration  of  the  contraction  of  each  of  tlie  diviBJona 
of  the  heart. 

The  method  of  transmitting  the  movement  from  tlie  heai-t 
to  a  registering  apparatus  is  very  siniple.  It  consists  of  two 
little  elastic  hags  connected  together  by  an  elastic  tube,  tlie 
whole  closed  and  tilled  with  air.     A  pressure,  like  the  prca- 

'  CnaUTRAC  IT  FiiTBx,  op.  til,,  p.  IB,    Tiicse  authors  reprcsenc  tlio  rhTilini 
nuiiGtl  ootGS,  irbicb  fanTc  been  reJoued  la  ihe  numben  gir«n  aboTe. 
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euro  of  the  fingers,  upon  one  of  these  bags  prodacee,  of  coone, 
an  instan  taneous  and  corresponding  dilatation  of  the  otlier.  If 
we  Bnppose  one  of  these  baga  to  be  introduced  into  one  of  the 
cavities  of  the  heart,  and  the  other  plared  under  a  small  le- 
ver, 80  arrange<l  on  a  ]>ivot  as  to  be  eensible  to  the  B%Iitist 
impression,  it  is  evident  that  any  compression  of  the  bag  in 
the  heart  would  produce  a  corresponding  change  in  volume 
ill  the  other,  ■which  would  be  indicated  by  a  movement  of  | 
the  lever.  M.  Marej  has  arranged  the  lever  with  its  short 
arm  on  the  elastic  bag,  and  the  long  arm,  provided  with  &i 
pen,  moving  against  h  roll  of  paper  which  passes  along  at  u 
uniform  rate.  When  the  lever  is  at  rest  and  the  pajjer  eet 
in  motion,  the  pen  will  mate  a  horizontal  mark  ;  but  whea 
the  lever  ascends  and  descends,  a  corresponding  trace  will  be 
made,  and  the  duration  of  any  movement  can  readily  h 
timatcd  by  calculating  the  rapidity  of  the  motion  of  tha 
pajicr.  The  hag  -which  receives  the  impression  is  called  by 
Marey  the  initial  bag,  and  the  other,  wliich  is  connected  will 
the  lever,  is  called  the  terminal  bag.  The  former  may  I 
modified  in  form  with  reference  to  the  situation  in  which  il 
is  to  be  placed. 

The  experiments  of  M-  Marey,  with  reference  to  the  r8l« 
tions  between  the  systole  of  the  auricles,  the  systole  of  tbi 
ventricles,  and  the  impulse  of  the  heart,  were  perfonaed  iipoi 
horses  in  the  following  way ; 

A  sound  is  introduced  into  the  right  side  of  the  hean 
tlirough  the  jugular  vein,  an  operation  which  is  performef 
with  certainty  and  ease.'  This  sound  is  provided  with  two 
initial  bags,  one  of  which  is  lodged  in  the  right  auricle,  whila 

'  Calhcterimtion  of  the  cariliea  <jf  the  bcul,  cspcmllj  upon  the  riglit  tide,  i* 
on  operation  fuouliar  to  pbyuologisla.  ^'ilb  t.  double  csunli,  such  as  ts  described 
bj  Unrev  [p,  01),  of  the  rcquMte  dimiMmioTis  and  with  (be  proper  corrcs,  ft 
bo  eaej  to  lodge  tlic  bagi  rrapcctirelj  in  the  aariclo  and  vcntiicle;  Mpedill;  !a 
in  uiimal  of  lu^  size  like  the  horse.  A  tube  is  cuilv  introduced  into  tiie  riglit 
fllda  of  the  heart,  iu  the  dog,  through  the  eiterDitl  jugiibr.  U.  Hare;  gires  full 
ietaih  of  crei?  step  of  the  opcrslioa,  anU  there  can  be  no  ilouht  of  the  faciUtj  Mid 
■cturacy  with  vthitb  it  miir  be  perfocmed. 
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the  other  passes  into  the  Teotriule.  The  bags  are  connected 
with  distinct  tabes  which  pass  one  within  the  other,  ftnd  arc 
connected  by  elastic  tubing  with  tha  registering  apparntus. 
At  each  Bystole  of  the  heart  the  ba^  in  its  cavities  arc  coui- 
preseed,  and  produce  corresponding  moremeuts  of  the  levora, 
which  may  be  registered  simnltaneouBly. 

To  register  the  inipaise  of  the  heart,  an  incision  is  made 
over  the  point  where  the  apex  beat  is  felt,  through  the  akin 


Hfnlr*  tepiMmllng  ihe  "eardloarap'it"  of  Jtanj.     " , 

ct  two  pHnrtpBl  elfmenU ;  A  E.  tbo  naltttrbi!/  apparutvi.  anil  A  8,  tbe  nkygm 
groflile  ■vparmtu',  Hut  la  to  m.  wblcta  nirlTcii,  tnnimllK,  ud  ■mplLlci  tin 
moTSmcnlii  which  >ra  la  b«  «ni<lieil. "  Tbo  comprrsclon  rxFrted  upon  the  has  e, 
which  ItpUcH]  oTcr  [he  spei  of  Ills  beirt  brlwecD  Iho  loteRMUl  niuitlc*.!!  cna- 
dnclcd  b]r  (he  tnbe  I  e,  which  Is  lllloil  with  ilr.  to  Ifac  Ant  IcTer.  The  compKMlDn 
euitsd  npoa  tbo  Ivwii  D  and  «.  In  Ibo  douhia  tound.  1*  coiKlncIrd  bf  tliu  labn  lo 
and  It  to  th«  two  remiilnlnB  IcTtm.  ThP  ciOTeuiniU  of  tho  Iptu™  hiv  K^lMeivd 
■tfnaltanuadi  br  the  cjrtlndsni  A  K.      (Mauit,  Hut  la  Hreulaaiin  du  Mny,  I'lrli, 


and  external  intercostal  muBclo.  A  little  bag,  stretched  over 
two  metallic  buttons  separated  by  a  central  rod,  is  then  care- 
fully secured  in  the  cavity  thus  formed,  and  connected  by  an 
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elastic  tube  with  the  registering  apparatus.  All  the  tuba 
are  provided  with  stop-coeks,  eo  that  each  initial  hag  may  be 
made  to  communicate  with  its  lever  at  will.  "When  the  ope^ 
ation  is  concluded,  and  the  sound  firmly  secured  in  place  hj 
R  ligaturo  aronnd  the  vein,  the  animal  experiences  no  incon- 
venience, is  able  to  walk  about,  eat,  &c.,  and  there  is  erety 
evidence  that  the  circulation  is  not  interfered  with.  The 
cj'lindera  which  caiTy  the  paper  destined  to  receive  the  traces 
are  arranged  to  move  by  clock-work  at  a  given  rate.  The 
paper  may  alao  be  ruled  in  lines,  tlie  distances  between  which 
represent  certain  fractions  of  a  second. 

Fig.  2,  taken  from  the  work  of  Marey,  represents  the 
apparatus  reduced  to  one-eixth  of  its  actual  size.  Two  of 
the  levers  are  connected  with  the  double  sound  for  the  right 
auricle  and  ventricle,  and  one  is  connected  witli  the  bog  des- 
tined to  receive  the  impulse  of  the  heart. 

In  an  experiment  npon  a  horse,  every  thing  being  care- 
fully arranged  in  the  way  indicated,  tlie  clock-work  was  set 
in  motion,  and  the  movements  of  the  three  levers  produced 
traces  upon  the  paper  which  were  interpreted  as  follows 

1.  The  paper  was  ruled  so  that  each  division  represented 
one-tenth  of  a  second.  The  traces  forme<l  by  the  three  leven 
indicated  four  revolutions  of  the  heart.  The  first  revolntion 
occupied  1^  sec.,  tlie  second  1^  sec,  the  ihJrd  l^'j  sec.,  and 
the  fourth  1  sec 

2.  The  auricular  systole,  as  marked  by  the  first  lever, 
immediately  preceded  the  ventricular  systole,  and  oocuptfd 
about  two4entks  of  a  second.  The  elevation  of  tfie  lever 
indicated  that  it  was  much  more  teeble  than  the  ventricular 
Bystole,  and  sudden  in  its  character ;  the  contraction,  when 
it  had  arrived  at  the  maximum,  being  immediately  fol- 
lowed by  relaxation. 

3.  The  ventricular  sj-stole,  as  marked  hy  the  second  lever, 
followed  immediately  the  auricular  systole,  and  occupied 
ahout  fo-ur-tentha  of  a  aecoiid.  The  almost  vertical  direc- 
tion of  the  trace,  and  the  degree  of  elevation,  showed  that  it 
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was  sudden  and  powerful  in  its  c-haracfer.  The  abrnpt  de- 
Hcest  of  Uie  lever  ehowed  that  the  relaxation  was  alinoet  in- 
Gtantaneous. 

4.  The  impnlfie  of  the  heart,  aa  marked  hy  the  third  lever, 
was  eliown  to  be  absolately  synclironous  with  the  ventricniar 
BjBtole.' 

Condensing  the  general  reaulta  obtained  by  Marey,  which 
are  of  course  subject  to  a  certain  amonnt  of  variation,  we 
hare,  dividing  the  action  of  the  heart  into  ten  equal  pnrtfi, 
three  distinct  periods,  which  occur  in  the  following  order : 

A^iricuiar  Si/st'}le.—T\i']s  occaifles  two-tenths  of  the  heart's 
action.  It  is  feeble  compared  with  the  ventricular  syatole, 
and  relaxation  immediately  follows  the  contraction. 

Veniricuiar  Systole. — Tliia  occupies  four-tenths  of  the 
heart's  action.  The  contraction  is  powerful,  and  the  relaxar 
tion  sudden.  It  is  absolutely  synchronous  with  the  impulse 
of  the  heart. 

Diasioh. — This  occupies  four-tenths  of  the  heart's  action. 

K»ve  of  the  Heart. — There  are  few  points  in  physiology 
liich  opinions  have  been  more  widely  divergent,  than  on 
loeetion  of  the  force  employed  by  the  heart  at  each  cou- 
*  telction.  Borelli,  who  waa  the  first  to  give  a  definite  esti- 
mate of  this  force,  put  it  at  180,000  pounds ;  while  the  calcu- 
latioDS  of  Keill  give  only  5  ounces.'  These  estimates,  how- 
ever, were  made  on  purely  theoretical  grounds.  Borelli  esti- 
mated the  force  employed  by  the  deltoid  in  sustaining  a  given 
'    '  '  :  held  at  arm's  length,  and  formed  his  estimate  of  the 

r,  op,  eti.,  p.  69  tl  teq.  I  hare  preferred  to  gire  tlie  general  EigclH- 
i«  three  traces  obttuncd  bj  Marej,  rather  than  rcproduca  the  traces 
1  prracnt  c«rUin  miuor  cbaractets  which  loight  confuBu  tht  rvad- 
a.  Kolhing  could  t>e  more  distioct  thun  the  itlustrolion  uf  the  particular  points 
ftbovc  cniunerated -,  and  there  eta  be  no  other  opimon  than  that  ibege  o1>ccrva- 
llns  Mtile  the  qneBiioQ  of  (he  rbjtbia  of  the  bean's  action  in  the  auimala  on 
le  experimenla  were  performed. 
S  Skill,  M.O.,  E$»aj/t  on  Snrral  Partt  of  l/tt  Animal  QCcaiioni;/,  Loiv 
r,  pp-  BT,  t)l. 
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power  of  the  heart  liy  comparing  the  weight  of  the  organ 
with  tliat  of  the  deltoid,  Eeill  made  his  estimate  tivim  8 
calculation  of  the  rapidity  of  the  current  of  blood  in  the 
arteries.  Hales  was  the  iiret  to  investigate  the  qae^tion  ex 
periuientally,  hy  tlie  application  of  the  cardiometer.  He 
showed  that  the  pressure  of  blood  in  the  aorta  could  be  meas- 
ured by  the  height  to  wliich  the  fluid  would  rise  in  a  tobo 
connected  with  that  vessel,  and  estimated  the  force  of  lb« 
left  ventricle  by  multiplying  the  pressure  in  the  aorta  by  Iha 
area  of  the  internal  surface  of  the  ventricle.  The  cardiometen 
has  undergone  various  improvemente  and  modifications,  bat 
tlu8  is  tlie  principle  which  is  so  extensively  made  use  of  at: 
the  present  day,  in  estimating  the  pressure  of  the  blood  in 
different  parts  of  the  circnlatory  system.  First  we  have  the 
improvement  of  Poiseuille,  who  substituted  a  TJ  tube  partly 
tilled  with  mercury,  for  the  long  straight  tube  of  Hales;  axti. 
then  the  various  forms  of  cardiometere  constructed  by  MftgeiK 
die,  Bernard,  Marey,  and  otliers,  which  will  be  more  faUy 
discussed  in  connection  with  the  arterial  circulation.  These- 
instrumenta  have  been  made  ijse  of  by  Marey,  with  very 
good  results,  in  investigating  the  relative  force  exerted  bjfi 
the  diflerent  divisions  of  the  heart. 

Hales  estimates,  from  experiments  upon  living  animal^ 
the  height  to  which  the  blood  would  rise  in  a  tube  connected, 
with  the  aorta  of  the  human  subject,  at  7  feet  6  inches,  and* 
gives  tlie  area  of  the  lett  ventricle  as  15  square  inches.  ~ 
Mm  he  estimates  the  force  of  the  left  ventricle  at  51"5  pounds. 

Though  this  estimate  is  only  an  approxunation,  it  eeenia 
based  on  more  reasonable  data  than  any  other. 

The  apparatus  of  Marey  for  registering  the  contrao- 
tions  of  tlie  different  cavities  of  the  heart  enabled  him  to  aa- 
certain,  also,  the  comparative  force  of  the  two  ventricles  and 
the  right  auricle;  tlie  situation  of  tlie  left  auricle  as  yet  pre- 
cluding the  possibility  of  introducing  a  sound  into  its  cavity, 

'  STKPIiEr  Haleb,  RD.,  F.R.S.,  4c,  BlalUal  Sua'jt :  CavJainiitg  ff.rina. 

ktf:,  London,  1733.    ToL  IL,  p.  40. 
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By  first  subjecting  the  bags  to  kuown  degrees  uf  jiresfiura, 
the  degree  of  elevation  of  a  lever  may  be  graduated  so  as  to 
represent  llie  degrees  of  the  cardiomet^r.  In  analyzing  traces 
made  by  the  left  ventricle,  right  ventricle,  and  right  aurieio, 
in  the  horse,  Marey  found  that,  as  a  general  rule,  tlie 
comparative  ibrceof  the  right  and  left  ventricles  is  aa  I  to  3.' 
The  force  of  the  right  auricle  is  comparatively  insignifi- 
cant, boiiig  in  one  caae,  aa  compared  with  the  right  ventricle, 
only  aa  1  to  10. 

Act-i'on  qf  the  Y(ili'es. — "VVe  have  already  indicated  the 
coarse  of  the  blood  through  the  cavities  of  the  heart,  and  it 
has  been  apparent  that  the  necessities  of  the  cireidation  de- 
mand some  arrangement  by  which  the  current  shall  always 
be  in  one  direction.  The  anatomy  of  the  valves  which  guard 
the  orifices  of  the  ventricles  gives  an  idea  of  their  fiinction ;  but 
wo  have  yet  to  consider  the  precise  mechanism  by  which  they 
Hre  opened  and  closed,  and  the  way  in  which  regurgitation  is 
prevente*!. 

In  man  and  the  warm-blooded  animalf,  there  are  no 
TAlves  at  the  oriticea  by  which  the  veins  open  into  the  auri- 
cles. As  has  already  been  ^en,  compared  with,  the  ventri- 
cles, the  force  of  tlie  anricles  is  insignificant;  and  it  has 
furthermore  been  shown  by  experiment  that  the  ventricles 
may  be  filled  with  blood,  and  the  circulation  continue,  when 
the  auricles  are  entirely  passive.  Tliough  their  orifices  are 
not  provided  with  valves,  the  circular  arrangement  of  the 
tibree  a!>out  the  veins  is  snch,  that  during  the  contraction 
of  tlie  auricles  the  openings  are  materially  narrowed,  and  re- 
gtu^tation  cannot  take  place  to  any  great  extent.  Tiie  force 
of  the  blood  flowing  into  the  anricles  likewise  offers  an  obsta- 
cle to  its  return.  There  is  really  no  valvular  apparatus  wliicb 
0]>erate6  to  prevent  regurgitatioti  from  the  licnrt  into  the 
reins ;  for  the  valvular  folds  which  are  so  numerous  in  the 

'    MutET,  0/1.  «'.,  p.  104, 
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{^eneral  venous  sjatem,  and  particularly  in  the  veins  of  l!ie 
extremitiea,  do  not  exist  in  tlie  venaa  cavse. 

The  contiimonB  flow  of  blood  from  the  veins  into  the 
auricles,  the  feeble  cliaracter  of  their  contractions,  the  a> 
rangement  of  the  fibres  around  the  onticea  of  the  vessels,  and 
the  great  eize  of  the  an  riculo- ventricular  openinge,  are  condi- 
tions which  provide  sufficiently  well  for  tJie  flow  of  lilood  into 
the  ventricles. 


Axtricuh-Ventrieular  Valves. — After  the  ventricles  h 
become  completely  distended  by  the  auricular  ayetole,  they 
take  on  their  contraction;  which,  it  will  be  remembered,  is 
very  many  times  more  powerful  than  the  contraction  of  ^e 
auricles.  They  have  to  force  open  the  valves  which  cIoeetliB' 
orifices  of  the  pulmonary  artery  and  aorta,  and  empty  ti 
contents  into  these  vessels.  To  accomplish  this,  at  the  moment; 
of  the  ventricular  systole,  there  is  an  iuEtantaneoue  and  com- 
plete closure  of  the  auriculo-ventricular  valves,  leaving  bidi 
one  opening  through  which  the  Mood  can  pass.  That  tl 
valves  close  at  the  moment  of  contraction  of  the  ventricles  il 
demonstrated  by  the  experimenta  of  Chauveau  and  Faivi 
who  introduced  the  finger  through  an  opening  iulo  the  a 
ele,  and  actually  felt  the  valves  close  at  the  instant  of  the  vi 
tricular  systole." 

This  tactile  demonstration,  and  tlie  fact  that  the  fint 
sound  of  tlie  heart,  which  is  produced  in  great  part  by  tli^ 
closure  of  the  anriculo-ventricular  valves,  is  absolutely  syn- 
chronous with  the  ventricular  systole,  leave  no  doubt  &i  t 
the  mechanism  of  the  closure  of  these  valves, 

It  is  probable  that  as  the  blood  flows  intfi  Uie  ventriclai 
the  valves  are  slightly  floated  out,  but  they  are  not  dosed  nn 
til  the  ventricles  contract.  A  German  physiologist,  Baum 
garten,'  has  attempted  to  show  that  the  valves  are  closed  bj 
the  contraction  of  the  auricles,  basing  this  opinion  v 
fact  that  when  the  auricles  are  cut  away,  and  fluid  is  pouret 


'Op.c 
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*  UiLXB-EiiwiBOi,  op.  eit.,  tome  it.,  p.  Rl. 


ACTIOS   CF  THE   VALVES.  201 

Uirougii  tlio  auriculo-ventriculoi"  opening,  the  valves  are 
Softted  cp,  (ind  finally  closed  when  the  ventricle  is  ccmipletely 
tilled.  This  experiment  we  liave  repeated  and  found  to  be 
correct ;  but  in  this  way  we  are  far  from  fnltilliDg  tlie  natu- 
ral couditious  of  the  circulation.  In  tiie  natural  action  of  the 
heart,  the  blood  &ov.-%  from  the  anrtcles  in  a  large  stream, 
wliich  opens  the  valves  and  applies  them  Ui  t)ie  wtills  of  the 
ventxicles.  Tliia  U  quite  different  from  tlie  action  of  a  small 
Btrenm,  which  may  insinuate  Itself  between  the  lips  of  tlie 
valves,  and  force  them  up  l>y  reactuig  from  tlie  ventricle.  K 
the  semilunar  valves  be  exiwaed,  and  the  artery  closed,  a 
stream  of  water  poured  from  the  ventricles  will  close  the 
valves ;  and  yet  wo  could  hardly  say  tliat  in  the  natural  course 
of  the  circulation  the  valves  at  the  arterial  oritices  are  closed 
by  the  ventricular  sj-stole. 

Tlie»o  experiments  do  not  throw  any  doubt  upon  the  fact 
that  tlie  auriculo-ventricular  valves  are  closed  by  the  pressure 
of  blood  against  them  during  the  ventricular  systole. 

If  a  hnllock's  heart  be  prepared  by  cutting  away  the  auri- 
cles GO  as  to  expose  the  mitral  and  tricuspid  valves,  securing 
die  nozzles  of  a  doable  ejTJnge  in  the  pulmonary  artery  and 
Borttt,  after  having  destroyed  the  semilunar  valves,  and  if 
fluid  be  injected  simultaneously  into  both  ventricles,  the  play 
of  the  valves  will  be  exhibited.  The  mitral  valve  eii'ectually 
prevents  the  passage  of  the  fluid,  its  edges  being  so  acciuately 
approximated  that  not  a  drop  passes  between  them ;  hut  when 
ibe  pressure  is  considerable,  a  certaui  quantity  of  fluid  passes 
the  tricuspid  valve.  There  is,  indeed,  a  certain  amount  of 
Insufficiency  at  the  right  auriculo-ventricular  oritice,  whidi 
does  not  exist  on  the  opposite  side, 

Tliifi  fact  was  first  pointed  out  by  Mr.  T.  W.  Xing,'  and  is 
called  by  bim  the  '^' anfetif-valve  function  of  the  right  ven- 
trkie."  The  advantage  of  this  slight  insufficiency  is  apparent 
on  a  little  reflection.    The  right  ventricle  sends  its  blood  to  the 

'  Kno,  An  B^a-j  on  the  Sifety-valM  JVnrffoni  of  Ou  Right  I'mfrirfo  0/  tht 
n  Iltart.—Ovy'i  Hotpilal  BeporU,  18ST,  vol.  li.,  p.  104. 
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lungs,  where,  in  order  to  facilitate  tlie  respiratory  profcssca, 
the  walla  of  tlie  eapillariea  are  verj'  tliiu.  The  lungs  tbem- 
Bclves  ai-G  exceeJingly  delicate,  and  an  eflWion  of  bU>o<l,  or 
conaidcrable  congestion,  would  be  liable  to  be  followed  by 
serious  confiequenees.  To  prevent  this,  the  right  ventricle  18 
not  ])ennitteil  to  exert  alt  its  force,  under  all  circumstance^ 
•a\xiu  the  blood  going  into  the  pulmonary  artery ;  bnt  when 
the  action  of  the  heart  is  exaggerated  trora  any  eaiide,  the 
lungs  are  relieved  by  a  slight  regurgitation,  wliieli  takes 
place  througli  the  tricnspid  valve.  The  lunga  are  still  fiirtlier  " 
pi-otected  by  the  sufBciency  of  the  mitral  valve,  wliich  pro- 
vides that  no  regurgitation  shall  take  place  into  their  sabstatioo 
from  the  left  heart.  In  the  systemic  circulation  the  capilla- 
ries are  less  delicate ;  extravasation  of  blood  would  not  be 
followed  by  any  serious  results,  and  the  circulating  fluid  is 
made  to  pass  through  a  considerable  extent  of  the  elaetio 
vessels,  before  it  begins  to  be  dietributed  in  the  tissues.  It  ti 
evident  that  on  the  left  side  there  is  no  necessity  for  snch  s 
proviaion,  and  it  does  not  exist. 

Aortia  and  Pidmonie  Valves. — The  action  of  the  semi* 
lunar  valves  is  nearly  tlie  same  upon  both  sides.  In  tbe  ia* 
torvals  of  the  ventricular  contractions,  they  are  closed,  and 
prevent  regurgitation  of  blood  into  the  ventricles.  The  sys^ 
tole,  however,  overcomea  the  resistance  of  these  valves, 
forces  the  contents  of  the  ventricles  into  the  arteries.  During 
this  time  the  valves  are  applied,  or  nearly  applied,  to  the 
walla  of  the  vessel ;  but  as  soon  as  the  ventricles  cease  their 
contraction,  the  constant  pressure  of  the  blood,  "which,  as 
shall  see  hereafter,  is  very  great,  instantaneously  closeB  the 
openings. 

The  action  of  the  semilunar  valves  can  be  seen  by  cuttfng' 
away  a  portion  of  the  ventric-les  in  the  heart  of  a  lai^  ani- 
mal, securing  the  nozzles  of  a  double  sjTinge  in  the  aorta  and 
pulmonary  artery,  and  forcing  water  into  the  vessels.  In, 
perfonning  this  experiment,  it  will  be  noticed  tliat  while  the 
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aortic  Bemilunar  valves  oppose  the  passage  of  the  liquid  so 
effectually  that  the  aorta  may  bo  ruptured  before  the  valves 
will  give  way,  a  considerable  degree  of  insufficiency  exists, 
under  a  high  pressure,  at  the  orifice  of  the  puhnonary  artery. 
There  is  at  this  orifice  a  safety-valve  function  as  important 
as  that  ascribed  by  King  to  the  tricuspid  valve.  It  is  evi- 
dent tliat  the  slight  insufficiency  at  the  palmonic  orifice  may 
be  even  more  directly  important  in  protecting  the  lungs  than 
the  insufficiency  of  the  tricuspid  valve.  The  difference  in 
the  sufficiency  of  the  semilunar  valves  on  the  two  sides  is 
fully  as  marked  as  between  the  auricnlo-ventricular  valves, 
and  it  is  surprising  that  since  the  observations  of  King,  this 
fact  has  not  attracted  the  attention  of  physiologists/ 

It  is  pi'obable  that  the  corpuscles  of  Arantius,  which 
are  situate  in  the  middle  of  each  valvular  curtain,  assist  in 
the  accurate  closure  of  the  orifice.  The  sinuses  of  Valsalva, 
situated  in  the  artery  behind  the  valves,  are  regarded  as  facil- 
itating the  closure  of  the  valves  by  allowing  the  blood  to  pass 
easilv  behind  them. 

Sounda  of  the  Heart. — If  the  ear  be  applied  to  the  pne- 
cordial  region,  it  w^ill  be  found  that  the  action  of  the  heart  is 
accompanied  by  certain  sounds.  A  careful  study  of  these 
sounds,  and  their  modifications  in  disease,  has  enabled  the 
practical  physician  to  distinguish,  to  a  certain  extent,  the 
conditions  of  the  heart.  Tliis  increases  the  purely  physiologi- 
cal interest  which  attaches  to  tlie  audible  manifestations  of 
the  action  of  the  great  central  organ  of  the  circulation. 

The  appreciable  phenomena  which  attend  tlie  heart's 
action  are  connected  with  the  systole  of  the  ventricles.  It  is 
this  which  produces  the  impulse  against  the  walls  of  the 
thorax,  and,  as  we  shall  see  further  on,  the  dilatation  of  the 
arterial  system,  called  the  pulse.    It  is  natural,  therefore,  in 

'  This  observation  waj  first  madCf  and  the  fact  publiclv  demonstrated,  in 
the  course  on  physiology  at  the  Belleme  Hospital  Medical  College,  session  of 
1864-'66. 
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longs,  wliere,  in  order  to  facilitate  tlie  respiratory  proceeMe, 
the  walb  of  the  capillariea  are  very  thin.  The  langs  theni- 
eelves  are  ext-eeJingly  delicate,  and  an  effusion  of  blood,  at 
considerable  congestion,  wonld  be  liable  to  be  followed  by 
eerious  consequences.  To  prevent  this,  t!ie  right  ventricle  is 
not  permitted  to  exert  all  its  force,  under  all  circnmstaneea, 
upon  the  blood  going  into  the  palmonary  artery  ;  bot  wbea 
the  action  of  the  heart  is  exaggerated  trom  any  caiiae,  the 
lungs  are  relieved  by  a  slight  regurgitation,  which  take* 
place  through  the  tricuspid  valve.  The  Inngs  are  still  fWtfaer 
protected  by  the  snffieiency  of  the  mitral  valve,  wliich  pro- 
vides that  no  rcgnrgitation  shall  take  place  into  their  Bobstaooa 
from  the  left  Iieart.  In  the  systemic  circulation  the  cajoUa- 
ries  are  le^^  delicate ;  extravasation  of  blood  would  not  bA 
followed  by  any  serious  results,  and  the  circulating  fluid  it 
made  to  jiass  through  a  considerable  extent  of  the  elftstk 
vessels,  before  it  begins  to  be  distributed  in  the  tisenea.  It  i» 
evident  tliat  on  the  left  side  there  b  no  necessity  for  ench  t 
provision,  and  it  does  not  exist. 

AortUi  and  Pidmn/iic  Valves. — The  action  of  the  BenK 
lunar  valves  is  nearly  the  same  upon  both  sides.  In  tbe  in*' 
tcrvals  of  the  ventricular  contractions,  they  are  closed,  and' 
prevent  regurgitation  of  blood  into  the  ventricles.  The  By»- 
tole,  however,  overcomes  the  resistance  of  these  valv^  and 
forces  the  contents  of  the  veutricles  into  the  arteries.  Diiriw 
this  time  the  valves  are  applied,  or  nearly  applied,  to  the 
walls  of  the  vessel ;  but  as  soon  as  the  ventricles  cease  their' 
contraction,  the  constant  pressure  of  the  blood,  which,  as  we 
shall  see  hereafter,  is  very  great,  instantaneously  clos«a  ths 
openings. 

The  action  of  the  semilunar  valves  can  be  seen  by  cuttioff 
away  a  portion  of  the  ventricles  in  the  heart  of  a  largo  ani- 
mal, securing  the  nozzles  of  a  double  syringe  in  the  aorta  and 
pulmonary  artery,  and  forcing  water  into  the  vessels.  In 
perfonuing  this  exi)eriraeat,  it  will  be  noticed  that  while  tlie 
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aortic  Bemilnnar  vslvi-a  oppose  the  passage  of  tlic  liqiiiil  bo 
efibctnaUj  that  the  aorta  mny  ba  raptured  before  the  valves 
will  give  way,  a  considerable  degree  of  insiiffidiency  exists, 
under  a  high  pressure,  at  the  orifice  of  the  pulmonary  artery. 
There  la  at  this  orifico  a  safety-valve  function  as  important 
■H  that  ascribeil  by  King  to  the  tricuspid  valve.  It  is  evi- 
dent that  tiie  slight  insufficiency  at  tLo  pnlmonic  orifice  may 
he  even  more  directly  important  in  protecting  the  lungs  than 
the  insufficiency  of  the  tricuspid  valve.  The  difference  in 
iho  eufficiency  of  the  semilunar  valves  on  the  two  sides  is 
fully  as  marked  as  between  the  anriculo-ventricnlnr  valves, 
and  it  is  surprising  that  since  the  observations  of  King,  this 
fact  has  not  attracted  the  attention  of  pliTOiologists.' 

It  is  pi-obabie  that  the  corpuscles  of  Arantius,  which 
are  situat/id  in  the  middle  of  each  valvular  curtain,  n^ist  in 
the  accurate  closure  of  the  orifice.  The  sinuses  of  Valsalva, 
Bituftted  in  the  artery  behind  the  valves,  are  re^rded  as  facil- 
itating the  closure  of  the  valves  by  allowing  the  blood  to  pass 
easily  behind  them. 

Soundt  of  the  Heart. — If  the  car  be  applied  to  tlie  pnc- 
(jordisl  region,  it  will  be  found  that  the  action  of  the  heart  is 
accompanied  by  certain  sonnds.  A  careful  study  of  these 
eonnda,  and  their  modifications  in  disease,  has  enabled  the 
practical  physician  to  distinguish,  tfl  a  certain  extent,  the 
coaditioas  of  the  heart.  This  increases  the  purely  physiologi- 
(»1  intereet  which  attaches  to  tlie  audible  manifestations  of 
the  action  of  the  great  central  organ  of  the  eircnlation. 

The  appreciable  phenomena  whicli  attend  the  Iieart's 
action  are  connected  with  the  systole  of  the  ventricles.  It  is 
thia  which  produces  the  impulse  against  the  walls  of  the 
thorax,  and,  as  we  shall  see  flirther  on,  the  dilatation  of  the 
artful  system,  called  the  pulse.     It  is  natural,  therefore,  in 

'  TliU  obserralion  wu  firrt  made,  mcl  ths  Tact  publicly  domonstratcil,  in 
Uie  cunrat  oa  pbjuology  at  tha  BiJlevae  Hoqiital  Medical  College,  Mcsiou  of 
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Btudyiug  these  plienotnena,  to  take  tlie  ejBtole  as  a  point  0 
departure,  instead  of  tbe  action  of  the  auricle?,  wliicli  i 
cannot  appreciate  ivithout  vivisectionH ;  and  the  soandi 
wliicli  are  two  in  number,  Lase  been  called  Jirst  and  efeont 
with  reference  to  the  ajetole. 

The  first  eound  is  absoluteiy  synclironous  with  the  ape 
beat.  The  second  sound  follows  the  first  without  any  apprs 
oiable  intervaL  Between  the  second  and  first  eoondd  tbei 
is  an  interval  of  silence. 

Some  writers  have  attempted  to.represent  the  soonds  a 
the  lieart,  and  their  relations  to  each  other,  by  cei-tain  ayllli 
bles,  as,  *' luib-dup  or  lubb-lub;"'  but  it  seems  unnecessarv  b 
attempt  to  make  a  comparison,  which  can  only  be  nppre 
ciated  by  one  who  is  practically  acquainted  with  the  heart 
Bounds,  when  the  sounds  themselves  can  l>e  so  easily  studied 

Both  sounds  are  generally  heard  witli  distinctness  ovtl 
auy  part  of  the  priecordia.  Tlie  first  sound  is  heard  with  il 
maximum  of  intensity  over  the  body  of  the  heart,  a  Uttlt 
below  and  within  the  nipple,  between  the  fourth  and  GRh 
ribs,  and  ia  propagated  with  greatest  facility  do^wnwarda 
towards  the  apex.  The  second  sound  is  heard  with  its  max 
imum  of  intensity  at  the  base  of  the  heart,  between  tlie  nipplf 
and  tlie  sternum,  about  the  locality  of  the  third  rib,  and  I 
pi-opagated  upwards,  along  the  course  of  the  great  vessels. 

The  rhythm  of  the  sounds  bears  a  certain  relation  to  ih 
rhythm  of  the  heart's  action,  which  we  have  already  dll 
cussed ;  the  difference  being,  that  we  hero  regard  the  heartl 
action  as  commencing  with  the  systole  of  the  ventricles,  wbil) 
in  following  the  action  of  different  parts  of  the  organ, ' 
followed  the  course  of  the  blood,  and  commenced  with  t 
systole  of  the  auricles.     Laennec,  the  father  of  aiiscnltatloa 
was  the  first  to  direct  special  attention  to  the  rhythm  of  tl 
sounds,  though  they  had  been  recognized  by  Harvey,  wb 
compared  them  to  the  sounds  made  by  the  passage  of  flaid 


'  c.  J.  n.  WiL 

1.  L,  p.  303. 
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ikloDg  the  cesophagns  of  a  horse  when  dnDting,'  lie  -Uvidea 
a  flinglc  revolution  of  the  heart  into  four  parts :  the  first  two 
parts  arc  occupied  bj  the  firet  sound ;  the  third  part  by  the 
second  sound ;  and  in  the  fourth  part  there  is  no  sound.' 
He  regards  the  second  sound  as  following  immediately  after 
the  first.  Some  authors  havtj  described  a  "  short  silence"  as 
occurring  after  the  first  sound,  and  a  "long  silence"  after 
the  second.  The  short  silence,  if  appreciable  at  all,  is  so 
indistinct  that  it  may  practically  he  disregarded.- 

Allempts  have  been  made  to  improve  upon  this  division 
of  IJaennec,  by  dividing  the  heart's  action  into  three  equal 
parts,  BB  is  done  by  M.  Bean;'  the  first  being  occupied  by 
the  first  sound,  the  second  by  the  second  sound,  and  the  third, 
eilence.  This  hardly  needs  discussion.  M.  Beau  bases  this 
division  upon  a  theory  of  the  production  of  the  sounds  which, 
though  pretty  generally  duicussed  by  physiologists,  is,  as  far 
aa  we  have  seen,  adopted  by  uone,  and  is  so  entirely  opposed 
to  facts  that  it  hanliy  demands  comment.  It  is  evident  to 
any  one  who  has  hoard  the  sounds  of  the  heart,  that  the  first 
u  longer  than  the  second. 

Moat  jthyaiologisla  regard  the  duration  of  the  firet  sonnd 
as  a  little  less  than  two-fourtha  of  the  heart's  action,  and  the 
second  sound  as  a  little  more  than  one-fourth.  When  we 
come  to  consider  the  mechanism  of  the  production  of  the  two 
sounds,  we  shall  see  thai  if  onr  views  on  that  point  be  correct, 
tAa  first  sound  «fiOHlil  ocmpj  t/m  period  of  the  ventricular 
sytioU,  or  four-tenths  of  the  hearCa  aclwn,  the  second  sound 
^ut  three-tenths,  atid  the  repose  three-tenths. 

The  first  sound  i*  relatively  dull,  low  in  pitch,  and  made 
up  of  two  elements:  one,  a  valvular  element,  in  which  it 
resembles  in  character  the  second  sound;  the  other,  an  ele- 
ment which  is  due  to  the  action  of  the  heart  as  a  muscle. 
It  has  been  ascertained  that  all  muscular  contraction  is  at- 

•  Op.  eiL.  p.  82. 

■  L»K(S«C,  Train  de  rAmeallation  Jt^iatr,  Parifl,  1837,  taroo  iii-.  p.  *8. 
■B«*c,  Trama]KrlmtnJaUetri;iiiiiaeirAiaa4llalion,r»ti».ie56,p.228. 
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tended  witli  a  certaia  Bonitd,    To  thiB  ie  added  an  impulsion 
element,  which  is  produced  by  the  striking  of  the  heart 
tlie  vralle  of  the  thorax. 

The  second  sound  is  relatively  sharp,  high  in  pitch,  anil 
has  hut  one  clear,  element,  which  we  have  already  alluded  to 
as  valvular. 

Cause  of  the  SounJs  of  the  Heart. — There  ia  now 
scarcely  any  difference  of  opinion  respecting  the  cause  of  'Oast 
second  sound  of  the  heart.  The  experiments  of  Itouaset, 
published  in  1S33,  settled  beyond  a  doubt  that  it  was  due  to 
a  closnre  of  the  aortic  and  pulmonary  semilunar  valves.  In 
his  essay  upon  this  subject.,  Bouanet  acknowledges  liis  indebt- 
editess,  for  the  lirst  suggestion  of  this  explanation,  to  Sir 
Carswcll,  who  was  at  that  time  prosecuting  his  studies  ia 
Paris." 

The  experiments  by  ■which  this  is  demonstrated  are  as 
simple  as  they  are  conclusive.  First  we  have  the  experi- 
ments of  Rouanet,  who  imitated  the  second  sound  by  proda- 
cing  sudden  closure  of  the  aortic  valves  by  a  column  of  water. 
We  then  have  the  experiments,  even  more  conclnsive,  of  the 
British  Commission,  in  which  the  seinilnnar  valves  vere 
caught  up  by  curved  hooks  introduced  through  the 
of  a  living  animal,  the  ass,  witli  the  result  of  abolishing  the 
second  sound,  and  sub&titutmg  for  it  a  hissing  munnar.> 
When  the  instruments  were  withdrawn,  and  the  valves  per- 
mitted to  resume  their  action,  the  normal  soimd  returned. 

It  ia  unnecessary  to  discuss  the  various  theories  which 
have  been  advanced  to  explain  the  second  sound,  as  it  is  now 
generally  acknowledged  to  be  thus  to  the  sudden  eloaure  of  th« 

'  Cydopadia  of  Anatomy  and  Phyiiolopi/,  vol.  ji.,  p.  017.  In  tliU  vtide,  w« 
Sod  Dr.  Elliott,  gf  Carlisle,  alludei)  lo  u  liiviog  slatixi  ia  liU  Uivsis,  published  in 
ISSI,  "tliat  tlteaMond  toand  of  the  heart  ia  depcoilenl  opon  the  ru»b  nf  blood 
lioni  tlie  lurictcfi  into  the  Tcnlriclcs  during  llicir  diastole,  nod  also  upon  llic  lud- 
den  flapjiiusiniTflrd  oflhe  wgiDold  talrsa  uttLc  origin  of  the  large  ■rtcrii*  hj  the 
r«Bucnt  blood." 
'  Ibid  ,  p.  018. 
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aemUunar  valoea  at  the  orijiees  <^  the  aorta  and  p>iJ.monar>j 
artery.  We  reraark,  however,  that  the  sonnd  is  heard  with 
Its  mosiinma  of  intenBity  over  the  site  of  tteae  valves,  and  ia 
propagated  along  the  great  v^scls,  to  which  they  are  attach- 
ed. It  also  occurs  precJBely  at  the  time  of  their  closure ;  ■/.  e., 
immediately  jbllowing  the  vciitricular  eystole. 

The  cause  of  tlie  first  Bound  of  the  lieart  haa  not,  until 
witMu  a  lew  years,  been  as  well  understood.  It  was  maintain- 
ed by  Eonanet,  that  this  sonud  was  produced  by  the  sudden 
closure  of  the  auriculo-vcntricular  valves;  but  the  situation 
of  these  valves  rendered  it  difficult  to  demonstrate  tliis  by 
BctOftl  experiment.  "We  have  already  seen,  that  while  the 
eecond  ?oand  ia  purely  valvular  in  its  character,  the  first 
sotind  i3  composed  of  a  certain  number  of  different  elenaents ; 
but  HDscultatory  experiments  have  been  made  by  which  ail 
bat  the  valvular  element  are  eliminated,  and  tlie  character 
of  the  tirsl  sound  made  to  resemble  that  of  the  second.  Con- 
clusive observations  on  this  point  were  made  a  few  years  ago 
by  Dr.  IHint,  constituting  part  of  an  essay  which  received 
the  prize  of  the  American  Medical  Association  in  1858.' 

Tlie  following  facts  were  developed  in  this  essay: 

1.  If  a  folded  hondkerehiuf  be  placed  between  the  stetho- 
scope and  integument,  the  lirst  souud  is  divested  of  some  of 
its  most  distinctive  features.  It  loses  the  quality  of  impul- 
sion, »n<l  presents  a  well-marked  valvular  quality. 

2.  In  many  instances,  when  the  stethoscope  is  appbed  to 
the  pneeonlia,  while  the  subject  ia  in'  a  recumbent  posture,  and 
the  heart  by  force  of  gravity  is  removed  from  the  anterior 
Trail  of  the  thorax,  the  lirst  sound  becomes  purely  valvular 
in  diameter,  and  as  short  as  the  second. 

3.  "When  the  stet!ioscoi>e  is  applied  to  the  chest  a  little 
distance  from  the  point  where  the  first  sound  is  heard  with 
ita  maximum  of  intensity,  it  will  present  only  its  valvular 
element 

'  Aimix  FtiST,  Priu  Suay  on  the  ffearl-SaiMjt  itt  Iltailh  and  Diieiut. 
— TroKta/iSiMtof  the  American  3laIIciu  Auarialhn,  ISSS. 
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These  facffi,  to  whicli  we  may  add  the  modifications  0 
the  first  sound  in  dieease,  bo  as  to  leave  only  the  valrular  ele 
ment,  taken  in  connection  with  the  fact  that  the  first  eonni 
occurs  when  the  ventricles  contract,  and  necessarily  accom^ 
panies  the  closure  of  the  auricnlo-ventrieular  valves,  ih 
pretty  conclusively  that  these  valves  produce  at  least  a  c 
tain  element  of  the  sound.  In  further  support  of  this  opinion 
we  have  the  fact  that  the  first  sound  ia  heard  with  its  n 
mum  of  intensity  over  the  site  of  the  valves,  and  is  propi 
gated  downwards  along  the  ventricles,  to  which  the  valvi 
are  attached. 

Actual  experiments  are  not  wanting  to  confirm  the  aborl 
view.  Clianveau  and  Faivre '  have  succeeded  in  abolishii^ 
the  first  sound  by  the  introduction  of  a  wire  ring  through  i 
little  opening  in  the  auricle  into  the  auriculo-ventricular  oi 
flee,  so  arranged  aa  to  prevent  the  closui-e  of  the  vain 
When  this  is  done,  the  first  sound  is  lost ;  but  on  takii^  it  o 
of  the  opening,  the  sound  returns.  These  observere  &1 
aboliehed  the  first  sound  by  introducing  a  small  cnrvi 
tenotomy-bnife  through  the  auriculo-ventricular  orifice,  ai 
dividing  the  chordoa  tendineie.  In  this  experiment  a  loud  n 
ing  murmur  took  the  place  of  the  sound.  We  have  alread 
alluded  to  the  experiment  of  introducing  the  finger  throug 
an  opening  in  the  auricle ;  if  this  be  done,  and  the  heart  b 
auscultated  at  the  same  time,  the  valves  will  be  felt  striki 
agaiuet  the  finger  in  unison  with  the  first  sound. 

The  above  observations  and  experiments  settle  beyon 
question  the  fact  that  the  closure  of  the  auricielo^veniricui^ 
valves  produces  one  element  qf  tJte^rst  aaun/f. 

The  other  elements  which  enter  into  the  compoeition  o 
the  first  sound  are  not  as  prominent  as  the  one  we  have  jm 
considered,  though  they  serve  to  give  it  its  prolonged  s 
'■  booming"  character,     Theseelemeutsare,a  sound  like  tlii 
produced  by  any  large  muscle  during  its  contraction,  cal 


D,  cif.,  pp.  30  acdSl. 


by  si>iiio  the  muecQlar  murmur,  and  tlie  Bound  produced  by 
the  iiiijinlac  of  tlie  lieart  against  the  walla  of  the  diest. 

Tlie  muscular  sound  lias  been  recognized  byWolIaatou, 
Laennec,  and  others,  and  by  Laennec  was  supposed  to  bo 
the  eole  cause  of  tlie  iinit  souud  of  Ibe  heai-t,  TLia  observer 
attributed  tbe  first  sound  to  the  innsctdar  action  of  the  ven- 
tricles, and  the  second  to  tbe  action  of  tbe  auricles.  There 
can  be  no  doubt  but  that  this  is  one  of  the  elements  of  the  first 
sound ;  and  it  is  tlus  which  gives  it  it8  prolonged  diaracter, 
when  the  stethoscope  is  applied  over  the  body  of  tlie  organ, 
as  the  sound  produced  in  muscles  continues  during  the  whole 
period  of  their  contraction.  Admitting  this  to  be  an  element 
of  the  first  sound,  we  can  understand  how  its  duration  must 
necessarily  coincide  with  the  ventricular  systole.  Wo  can 
appreciiife,  also,  how  all  but  tbe  valvular  element  is  eliminated 
when  the  stethoacope  is  moved  from  the  body  of  the  heart, 
the  mQ»c-ular  sound  not  being  propagated  as  completely  as 
the  Bound  made  by  tlie  closure  of  the  valves. 

The  impulse  of  tlic  heart  against  the  walla  of  the  thorax 
ftlao  contributes  to  produce  the  first  sound.  This  is  demon- 
fttmtcd  by  noting  the  difi'erence  in  the  ^und  when  the  sul>- 
ject  is  lying  upon  the  back,  and  when  he  is  upright ;  or  by 
interposing  any  soft  substance  between  the  stethoscope  and 
the  chest,  or  by  auscultating  tbe  heart  after  the  sternum  has  been 
removed.  Under  these  circumstances  the  first  sound  loses  its 
booming  character,  retaining,  however,  the  muBcular  element, 
when  the  instrument  is  applied  to  the  exposed  organ.  It  was 
thought  by  Magendie  that  the  shock  of  the  heart  against  the 
vhest  was  the  sole  cause  of  the  first  sound,'  This  observer 
nmintaiued  that  when  the  sternum  is  removed  in  a  living  ani- 
mal, the  first  sound  cannot  be  heard  over  the  heart.  This, 
Iiowever,  is  not  the  fact ;  and  though  the  element  of  impul- 
sion enters  into  the  composition  of  the  tii-st  sound,  the  view 
a  the  sole  cause  of  this  aound  is  not  tenable, 
^^e  first  sound  of  tbe  heart  is  complex.  It  is  pro- 
'  Hiuii-Edw.i£iib,  Lefom  lur  la  Phymologit,  etc,  toms  W.,  p.  SS. 
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dnced  by  the  eadden  closnre  of  the  anricalo-rentricolsf 
valrea  at  the  beginning  of  the  ventricnlar  ejBtoIe ;  to  which 
are  snperadded  the  mnscular  soimd,  due  to  the  contr&ctlon 
of  the  muscular  fibres  of  the  heart,  and  the  impnlsion  Bowtd 
due  to  Uie  shoL-k  of  the  orgim  against  the  walk  of  the  thorax. 
The  second  sound  is  simple.  It  is  produced  by  the  siid* 
den  closnre  of  the  aortic  and  pulmonary  semilnnar  valTes, 
immediately  following  the  ventricular  systole. 

It  ia  of  the  greatest  importance,  with  reference  to  pathol- 
ogy, to  have  a  clear  idea  of  the  currents  of  blood  through  the 
heart,  with  their  exact  relation  to  the  sounds  and  intervals. 

At  the  commencement  of  the  first  sound,  tlie  blood  is 
forcibly  thrown  from  the  ventricles  into  the  pulmonary 
arteiy  on  the  right  side  and  the  aorta  on  the  left,  and  the 
am-iciilo- ventricnlar  valves  are  suddenly  closed.  During  ths 
entire  jwriod  occupied  by  this  sound,  tbe  blood  is  flowing 
rapidly  through  the  arterial  orifices,  and  the  auricles  are  re- 
ceiWng  blood  slowly  from  tbe  vense  cavie  and  the  pnlmoouy 
veins- 
While  the  second  sound  ia  produced,  the  ventricles  bar- 
ing become  suddenly  relaxed,  the  recoil  of  the  arterial  vails, 
acting  upon  tbe  column  of  blood,  immediately  closes  the 
semilunar  valves  upon  the  two  sides.  The  auricles  continue 
to  dilate,  and  the  ventricles  are  slowly  receiving  blood. 

Immediately  following  the  second  sound,  during  the 
part  of  the  interval  tlie  auricles  become  fully  dilated;  and 
in  the  last  part  of  the  interval  immediately  preceding  tba 
tirst  sound,  the  auricles  contract,  and  the  ventricles  are  fiilly 
dilated.     This  completes  a  single  revolution  of  the  heart 
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FnaiDcnc^  or  the  hnrt'a  scdon — InBnence  oTage — laBumce  of  digeetioD — lofln- 
tare  of  posture  and  mnwnl&r  exertion — luflumce  of  einviM — lafloaico  of 
tcmpctmtnrc — lafluaiM  of  reapirslion  on  tlie  •clloti  of  tbo  h»rt — Ciiue  of 
tbe  rhTthminU  contractioiu  of  the  heart — Influence  of  the  iierrons  BvtUm  on 
Ihs  Iie4rt — Diniioa  of  the  pneumo^nslrics — GntrHaiulion  of  Uic  pnramogas- 
bho — CanHS  of  the  artvat  of  action  of  the  heart — Blova  upon  Iho  epigis- 


Frfqueneif  of  ihe  Jlmrfs  Action. — Physicians  liave  lU- 
wftys  ftltached  the  greatest  importance  to  the  frequency  of 
the  action  of  the  heart,  as  one  of  the  great  iDdicntious  of  the 
general  condition  of  the  ajatein.  The  variations  which  are 
met  \rith  in  health,  dependent  upon  age,  sex,  muscular  actir- 
ity,  the  condition  of  the  digestive  eystem,  et«.,  point  to  tbe 
fact  thst  the  action  of  the  heart  ia  closely  allied  to  tho  various 
functions  of  the  economy,  and  readily  sympathizes  with  their 
dor»Dgementa.  As  each  ventricnlar  systole  is  followed  by 
on  expansion  of  tbe  arteries  which  is  readily  appreciated  by 
tbe  touch,  it  is  more  convenient  to  study  the  suco^esion  of 
these  movements  by  exploring  the  vesaels,  than  by  examina- 
tion of  the  heart  itself.  Leaving  oot  certain  of  the  qmditiea 
of  tbe  puUe,  this  liecomee  an  exact  criterion  of  the  acts  of  tbe 
heart. 

The  number  of  ])ulRation8  of  tbe  heart  is  not  far  from 
seventy  per  minnte  in  an  adult  male,  and  from  six  to  ten 
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more  in  Uie  female,'  There  are  individnal  cases  where  the 
pulse  is  normally  miieli  slower  or  more  frequent  than  tlii*,  & 
fiict  wLidx  must  be  rememliered  when  examining  tbe  pulse 
in  disease.  It  is  said  that  the  pulso  ot'T^apoleon  I.  was  oalj 
Ibrty  per  minute.  Dr.  Dunglison  mentions  a  case  whidi 
came  under  liis  own  observation,  in  which  the  pulse  was  on 
an  average  thirty-sis  per  minnto.  The  same  author  Btates 
that  the  pulse  of  Sir  William  Congreve  waa  never  below  one 
hundred  and  twenty-eight  per  minute,  in  health.'  It  is  by 
no  means  nnfrequent  to  find  a  healthy  pulee  of  a  hundred  or 
more  i>er  minute. 

Influence  of  Age  and  Sex, — ^In  both  the  male  and  femal^ 
observers  have  constantly  found  a  great  difference  in  the  rapidi- 
ty of  the  heart's  action  at  different  periods  of  life.  The  obeerra- 
tiona  of  Dr.  Guy  on  this  point  are  very  numerous,  and  were 
made  with  the  utmost  care  with  regard  to  the  conditions  of  the 
system,  at  tbe  time  the  pulse  was  taken,  in  each  case.  All  were 
taken  at  the  same  hoar,  and  with  the  subject  in  a  sitting  poetore. 

Dr.  Guy  found  the  pulsations  of  the  heart  in  the  foetus 
to  be  pretty  nniformly  140  per  minute.  At  birth  the  pulse 
is  136.  It  gradually  diminishes  during  the  first  year  to  abont 
128.  The  second  year  the  diminution  is  quite  rapid,  tlie 
tables  of  Dr,  Guy  giving  107  as  the  mean  frequency  at  two 
years  of  age.  After  the  second  year,  tlie  frequency  progree- 
eively  diminishes  until  adult  life,  when  it  is  at  it^  minimum, 
which  is  about  70  per  minute.  It  is  a  common,  but  erro- 
neous, impression  that  tbe  pulse  diminishes  in  frequency  in 
old  age.  On  the  contrary,  immerous  observations  show  that 
at  the  latter  periods  of  life  tlie  movements  of  the  heart  be- 
come slightly  accelerated,  ranging  from  75  to  80, 

During  early  life  there  is  no  marked  and  constant  difier- 

'  Moat  of  tbe  fuels  which  will  be  referred  to  with  regard  lo  the  frniucnqr  of 
the  pulse  are  tukca  from  Ihc  article  of  Dr.  Guj  (Pulfe)  In  Todd's  Cjclopmlia  of 
Anatomy  and  Pbjslalog}'. 

'  Human  Phi/nolo^,    Philadelphia,  18SS,  vol,  i.,  p.  M. 
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ence  in  the  rapidity  of  the  pulse  in  the  sexes ;  but  towards 
the  age  of  puberty,  the  development  of  the  sexual  peculiarities 
is  accompanied  with  an  acceleration  of  the  heart's  action  in 
the  female,  which  continues  even  into  old  age.  The  differ- 
ence at  different  ages  is  shown  in  the  following  table,  com- 
piled by  Milne-Edwards  fix)m  the  observations  of  Dr.  Guy :  ^ 


AOKS. 


From  2  to  7  y 

eai 

"     8  "  U 

II 

"  14  "  21 

II 

"  21  "  28 

II 

"  28  "  85 

II 

"  85  "  42 

II 

w  42  "  49 

II 

«  49  "  56 

II 

«*  66  "  68 

II 

«  68  "  10 

II 

H  ^0  u  77 

1. 

«i   77  II  34 

II 

Maucs. 

Avengo  Pnltttionft. 

97 
.     84  . 

76 
.   78. 

70 
.    68  . 

70 
.    67. 

68 
.    70. 

67 
.    71. 


FxaiALBS. 
Avengo  Palsatlona. 

98 
.  94 

82 
.  80 


78 
78 
77 
76 
77 
78 
81 
82 


Influence  of  Di^eetmi. — The  condition  of  the.  digestive 
Bystem  has  a  marked  influence  on  the  rapidity  of  the  pulse. 
According  to  observations  cited  by  Milne-Edwards,"  there  is 
an  increase  in  the  pulse  of  from  five  to  ten  beats  per  minute 
after  each  meal.  Prolonged  fasting  diminishes  its  frequency 
from  twelve  to  fourteen  beats.  Alcohol  first  diminishes,  and 
afterwards  accelerates,  the  pulse.  Coffee  is  said  by  the  same 
author  to  accelerate  the  pulse  in  a  marked  degree.  It  has 
been  ascertained  that  the  pulse  is  accelerated  to  a  greater 
degree  by  animal  than  by  vegetable  food.  These  variations 
have  long  been  recognized  by  physiologists. 

Influence  of  Posture  and  Muscular  Exertion. — It  has 
been  observed  that  attitude  has  a  very  marked  influence  upon 
tlie  rapidity  of  the  action  of  the  heart.     Experiments  of  a 


'  Lefwu  aur  la  Physiology  tome  iv.,  p/  62. 
•  Loe,  eiL 
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very  interesting  character  have  been  made  hj  Dr.  Guy  and 
others,  with  a  view  to  determine  the  ditference  in  the  pnU« 
in  different  poetnree.  In  the  male,  there  is  a  difference  of 
ahont  ten  beats  between  standing  and  sitting,  and  fifteen 
beats  between  standing  and  the  recnmhent  poetnre.  In  tlrt 
Icmale,  the  variations  with  position  are  not  so  great.  The 
average  given  by  Dr.  Guy  ia,  for  the  male :  standing,  81 ; 
sitting,  71 ;  lying,  G6 ; — for  the  female :  standing,  01 ;  fitting, 
84  J  lying,  80.  This  is  given  as  the  average  of  a  large  nnm- 
ber  of  observations.  There  were  a  few  instances,  however, 
iu  which  there  was  scarcely  any  variation  with  posture,  and 
some  in  which  the  variation  was  much  greater  tlian  thd 
average.  In  the  inverted  posture,  the  pulse  was  fonnd  to  be 
reduced  about  fifteen  beats. 

The  question  at  once  suggests  itself  whether  the  aeoelera- 
tion  of  the  pulse  in  sitting  and  standing  may  not  be  dno,  ia 
some  measure,  to  the  muscular  effort  required  in  making  the 
change  of  posture.  This  is  answered  by  the  further  experi- 
ments of  Dr.  Guy,  in  which  the  subjects  were  placed  on  a 
revolving  board,  and  the  posture  changed  without  any  mofr 
cular  effort.  The  same  results  as  those  cited  above  i 
obtained  in  these  experiments;  showing  that  the  differeuee 
is  due  to  tJie  position  of  tJie  body  alone.  In  a  single  obeei^ 
vation,  Dr.  Guy  found  tbo  pulse,  6tanding,  to  be  89 ;  lyings 
77;  difference,  12.  With  the  posture  changed  without  aoy 
muscular  effort,  the  results  were:  standing,  87;  lying,  74) 
difference,  13, 

Various  theoretical  explanations  of  these  variations  bavi 
been  offered  by  physiologists;  but  Dr.  Guy  seems  to  bsTS' 
Eettled  experimentally  that  the  acceleration  is  due  to  the  n 
cular  effort  required  to  maintain  the  body  iu  the  sitting  and. 
standing  positions,  The  following  are  the  results  of  experi- 
itiente  which  bear  conclusively  on  this  point,  iu  which  it  i 
shown  that  when  the  body  is  carefully  supported  in  the  erect 
or  sitting  posture,  so  aa  to  be  maintained  without  mnscnlar 
effort,  the  pulse  is  less  frequent  than  when  tlie  subject  >8 
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Btanding;  and  fnrtherraore  that  the  pulae  is  accelernted,  in 
the  rec-auibent  posture,  when  the  body  is  only  partially  gup- 
ported: 

'- 1.  Difference  between  the  pnlse  in  the  erect  posture, 
without  support,  and  leaning  in  the  same  posture,  in  an 
average  of  twelve  experiments  on  the  writer,  IS  beats;  and 
on  an  average  of  eight  experimeiita  on  other  healthy  males, 
8  beats. 

"  3.  Difference  in  the  frequency  of  the  pnlse  in  the  reouni- 
l»ent  posture,  the  body  fully  eupported,  and  partially  sup- 
ported, li  beats,  on  an  average  of  five  experiments, 

"  3.  Sitting  posture  (mean  often  experiments  on  the  writer), 
back  supiwrted,  80 ;  unsupported,  87 ;  difference,  7  beats. 

*■  4.  Sitting  posture  with  the  legs  raised  at  right  angles  with 
the  body  (average  of  twenty  experiments  on  the  writer),  back 
unsupported,  86;  supported,  68;  difference,  18  beats.  An 
avera^  of  fifteen  esperiiiieuts  of  the  same  kind  on  other 
healthy  males  gave  the  following  numbers ;  back  unsiipport* 
ed,  SO;  supported,  68;  a  difference  of  12  beats."' 

I»fiuence  of  Exercise. — It  is  a  fact  generally  appreciated 
tbst  muscular  exertion  increases  the  frequency  of  the  pul- 
sations of  the  heart ;  and  the  experiments  just  cited  show 
tliat  the  difference  in  rapidity,  which  is  by  some  attributed 
to  change  in  posture  (some  positions,  it  is  fancied,  offering 
fewer  obstacles  to  the  current  of  blood  than  others),  is  in 
reality  due  to  muscular  exertion.  Every  one  knows  that  the 
action  of  the  heart  is  much  more  rapid  after  violent  exertion, 
such  as  running,  lifting,  etc.  Experiments  on  this  point 
date  from  quite  a  remote  period,  Bryan  Itobinson,  who 
published  a  treatise  on  the  "Animal  Economy"  in   1734, 

'  ToBo'i  Cgdopcedia  of  Anatomt/  and  Phi/tialogy,  toL  It.,  p.  188.  There  !■ 
m  ippiucat  tontndicCioa  brtweeo  them  nsulla,  uid  kboIu  of  the  expeiimentt 
*ith  the  "TOTolTing  board."  It  is  probable,  hoirevcr,  Ihit  the  lubjei'ta  eiperW 
meal«d  npoo  niili  the  board  vcie  eimplj  placed  ia  ihe  erect  posture  nithout 
vnarn'ir  fDcil,  jut  maintaincil  tbemselree  in  position  without  bst  nli). 
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Btates,  as  the  reBult  of  obBervatlon,  tliat  a  man  la  the  recnin 
bent  position  lias  64  piilsationB  per  minitte ;  after  a  slow  walk, 
7S ;  oftf^r  walking  a  lea^ie  and  a  half  in  an  hour,  100 ;  and 
140  to  150  after  running  with  all  hig  might.'  This  general 
Btatement,  which  has  been  repeatedly  verified,  fihows  the 
jx>werful  influence  of  the  muscular  system  on  the  heart.  The 
fact  h  eo  familiar  that  it  need  not  be  iurther  dwelt  upon. 

The  influence  of  sleep  npon  the  action  of  the  heart  reduces 
itself  almost  entirely  to  the  proposition,  that  dnring  this  con- 
dition, we  have  an  entire  absence  of  muscular  effort,  and 
consequently  the  number  of  beats  is  less  than  when  the  in- 
dividual is  aroused.  It  has  been  tbunci  that  there  is  no  differ- 
ence in  the  pulse  between  sleep  and  perfect  qniet  in  the 
recumbent  posture.  This  fact  obtains  in  the  adult  male ;  but 
it  is  said  by  Quetelet  that  there  is  a  marked  difference  in 
females  and  joung  children,  the  pulse  being  always  slower 
during  sleep.' 

Jnjlaence  of  Temperature. — The  influence  of  extremes  of 
temperature  upon  the  heart  is  very  decided.  The  pulse  may 
be  doubled  by  remaining  a  very  few  minutes  exposed  to  ex- 
treme heat.  Benee  Jones  and  Dickinson  have  ascertained 
that  the  pulse  may  be  very  niuch  reduced  in  frequency,  for 
a  short  time,  by  the  cold  douche.'  It  has  also  been  remarked 
that  the  pulse  is  habitually  more  rapid  in  warm  than  in  cold 
climates. 

Though  many  circumstances  materially  affect  the  rapidi- 
ty of  the  heait's  action,  they  do  not  complicate,  to  any  great 
extent,  onr  examinations  of  the  pulse  in  disease.     In  c 
which  present  considerable  febrile  movement,  tlie  patient  is 
generally  in  the  recumbent  posture.     The  variations  induced 
by  violent  exercise  are  easily  recogm'zed,  while  those  depend- 
ent upon  temperature,  the  condition  of  tlie  digestive  system, 
etc,  arc  so  slight  that  they  may  practically  be  disregarded. 
'  Miijn-EDWAiDs,  Lft«Ki  nir  ta  PhifnoloffU,  tome  fv.,  p.  SB, 
'  Ibid. 
'  Jounial  lie  la  Pht/nolo^e,  ISGB,  tome  L,  p.  73, 
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It  ia  necessary  to  bear  in  miaa,  however,  the  variatious  which 
eziet  in  the  sexes,  and  at  different  periods  of  life,  as  well  as 
the  poasibilitj  of  indmdual  peculiarities,  when  the  aetion  of 
the  heart  may  be  extraordinarily  rapid  or  slow. 

InHvence  of  Re^ration  njxm  the  Action  (^  tfte  Heart, — 
The  relations  between  the  functions  of  circulation  aud  i-espj- 
ration  are  very  intimate.  One  function  cannot  go  on  without 
the  other.  If"  circulation  be  arrested,  the  mnsclea,  being  no 
longer  supplied  with  fresh  blood,  soon  lose  their  contractile 
power,  and  respiration  ceases.  We  shall  also  find  that  circn- 
latiou  is  impossible  if  respiration  be  permanently  arrested. 
When  respiration  is  imperfectly  performed,  the  action  of  the 
heart  is  slow  and  laboreil.  All  physicians  aro  familiar  with 
the  slow,  full  pulse,  indicating  labored  at^tion  of  the  heart, 
which  occurs  in  profound  coma.  The  effects  of  arrest  of 
respiration  are  marked  in  all  parts  of  the  circulatdry  system, 
arteries,  capillaries,  and  veins ;  but  the  disturbances  thus  pro- 
dnced  idl  react  upon  the  heart,  and  the  modifications  which 
take  place  in  the  action  of  this  organ  are  of  the  greatest  in- 
terest and  importance. 

If  the  heart  be  exposed  in  a  living  animal,  and  artificial 
respiration  be  kept  up,  though  the  pulsations  are  iucreased  in 
frequency  and  diminished  in  force,  after  a  time  they  become 
perfectly  regnlar,  and  continue  thus  as  long  as  air  is  ade- 
qnal^ly  supplied  to  the  lungs.  Tinder  these  circnmBtances 
we  have  the  respiration  entirely  at  our  command,  and  can 
study  the  effects  of  its  arrest  upon  the  heart  witli  the  greatest 
fttcihty.  If  wo  arrest  respiration,  we  observe  the  fallowing 
changes  in  the  action  of  the  heart : 

Fur  a  few  seconds  pulsations  go  on  as  usual ;  bnt  In  about 
a  minnte  they  begin  to  diminish  in  frer|uency.  At  the  same 
time  tlie  heart  becomes  engoiged  with  blood,  a  condition 
which  rapidly  increases.  For  a  time  its  contractions  are 
competent  to  discharge  the  entire  contents  of  the  left  ventri- 
cle into  the  arterial  system,  and  a  cardiomcter  applied  to  an 
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artery  will  indicate  a  great  increase  in  the  pressure  of  blood, 
and  a  corresi>onding  increase  iu  the  movementa  of  the  mer- 
cury will  be  noted  at  each  action  of  the  heart ;  indicating 
that  the  organ  is  acting  with  an  abnormal  vigor.  If  respira- 
tion be  still  discontinued,  the  engorgement  becomes  intense, 
the  heart  at  each  diastole  being  distended  to  its  atxu(»t  capa- 
city. It  now  becomes  incapable  of  emptying  itself;  the  can- 
tractions  become  very  nnfrequent,  perhaps  three  or  four  in  a 
minute,  and  are  pn^ressively  enfeebled.  The  organ  is  dark, 
almost  black,  owing  to  the  circulation  of  venous  blood  in  its 
substance.  If  respiration  be  not  resumed,  this  disteutioD 
contioncs,  tlie  contractions  become  less  frequent  and  more 
feeble,  and  in  a  few  minutes  entirely  cease. 

The  arrest  of  the  action  of  the  Iicart,  irader  these  circum- 
stances, is  chiefly  mechanical.  Tlie  unaei-ated  blood  paseei 
with  dithculty  through  tlie  capillaries  of  the  system,  and 
the  heart  is  constantly  at  work,  the  arteries  become  immeaedy 
distended.  This  is  proven  by  the  great  increase  in  the  arte- 
rial pressure,  while  these  vcMcls  are  full  of  black  blood.*  If 
we  now  closely  examine  the  heart  and  great  vessels,  wa  are 
able  to  note  distinctly  the  order  in  which  they  become  tli»- 
tended.  These  phenomena  were  particularly  noticed  and  de- 
scribed by  Prof.  Dalton,  and  they  demonstrate  conclusi^'^y 
that  in  asphyxia  the  obstruction  to  the  circulation  eommeuoee, 
not  in  the  lungs,  as  is  commonly  supposed,  but  in  the  capil- 
laries of  the  system,  and  is  propagated  backwards  to  the  lieart 
through  the  arteries. 

"  The  ebfltacle  to  the  passage  of  venons  blood  through  tlio 
capillaries,  therefore,  is  partial,  not  complete.  But  it  ia  still 
ButBcient  to  produce  an  immediate  backward  engorgement  of 
the  arterial  system.  Then  the  aorta  becomes  distended  at  ila 
origin,  and  the  left  ventricle  and  left  auricle  in  succession, 
being  unable  to  relieve  themselves  of  blood  through  the  art* 
rial  system,  become  distended  in  a  similar  manner.  Daring 
this  time  the  same  kind  of  engorgement  takes  place  in  the  put* 
monary  artery  and  tlie  right  cavities  of  the  heart ;  though 


tlie  distention  of  the  pulmonary  artery  is  never  bo  excessive 
as  that  of  tbo  aorta,  either  because  there  is  less  obstacle  to 
tliepa«et^  of  venons  blood  through  the  lungs  tban  tlirough 
the  general  capillaries,  or  because  the  injecting  force  of  the 
right  ventricle  is  less  than  that  of  the  left,  or  becawae  less 
blood  ia  suiiplied  by  the  eapillaries  to  the  veins,  and  by  the 
THUS  to  the  right  side  of  the  heart.  In  either  case  the  prin- 
cipal accumulation  is  certainly  in  the  arterial  sj-stem." ' 

The  distention  of  the  heart  in  asphyxia  is  therefore  due  to 
the  fact  that  nnaerated  blood  cannot  circulate  in  the  systemic 
capillaries.  When  thus  distended,  its  muscular  fibres  become 
paralyzed,  like  any  muscle  after  a  severe  strain. 

If  respiration  be  resame<l  nt  any  time  before  the  heart's 
action  has  entirely  ceased,  the  oi^an  in  a  few  moments  re- 
enines  its  normal  function.  We  first  notice  a  change  from 
the  dusky  hne  it  has  assumed  to  a  vivid  red,  which  is  owing 
to  tho  circulation  of  arterial  blood  in  its  capillaries.  The 
diatjiition  then  becomes  gradually  relieved,  and  for  a  few 
moments  the  pulsations  are  abnormally  frequent.  If  we  now 
open  an  artery,  it  will  be  foimd  to  contain  red  blood.  An  in- 
8tniment  applied  to  an  artery  will  show  a  diminution  of 
arterial  pressure  and  force  of  the  heart's  action,  if  tlio  arrest 
of  respiration  has  been  carried  only  far  enough  to  moderately 
distend  the  heart ;  or  an  increase  in  the  pressnro  and  force  of 
the  heart,  if  its  action  has  been  nearly  arrested.  A  few  mo- 
menta of  regular  insufflation  will  cause  the  pulsations  to  re- 
enme  their  normal  character  and  frequency. 

In  tho  human  subject,  the  effects  of  temporary  or  perma- 
nent arrest  of  respiration  on  the  heart,  are  undoubtedly  the 
same  as  those  observed  in  experiments  upon  the  warm-blood- 
ed animals.  In  the  same  way,  also,  it  is  possible  to  restore 
the  normal  action  of  the  organ,  if  respiration  bo  not  too  long 
auependcil,  by  tbe  regular  introduction  of  fresh  air  into  tho 
lungs.     The  numerous  examples  of  animation  restored  by 

'  Daltor,  Ltdartt  on  Iht  Pt^iologii  of  the  Circidatioti,  puhliihed  \n  lUe 
.  fittfalo  Mrd.eal  Jimmal  and  JVru  York  Ervitie,  Lecture  III.,  Apnl,  1  S(D. 
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artiEcial  respiration,  in  drowning,  etc,  particularljr  by  what 
is  known  as  tlie  Marsball  Hall  method,  are  evidence  of  thi* 
fact.  In  cases  of  aflpliyxia,  those  measures  by  which  artifidsl 
respiration  is  most  effectually  maintained  have  been  (timi 
most  efficient. 

Certain  individuals  have  tlie  power  of  temporarily  arreet- 
ing  the  action  of  the  heart  by  a  voluntary  suspcLsiou  of  res- 
piration. The  moat  remarkable  case  of  this  kind  on  record 
is  that  of  Colonel  Towufihend,  which  is  quoted  in  many 
works  on  physiologj-.'  Col,  T.  was  said  to  be  able  to  arrat 
respiration  and  the  action  of  the  heart  so  completely  sa  to. 
simulate  death.  Wlien  in  this  condition,  the  pnlse  was  not 
perceptible  at  the  ^vrist  nor  over  the  pnecordia,  a  mirror  held. 
before  the  mouth  waa  not  tarnished,  and  he  was  to  all  ap- 
pearances dead.  On  one  occasion,  in  the  presence  of  eeversl 
medical  gentlemen,  he  remained  in  this  condition  for  half  an 
hour ;  afterwards  the  functions  of  respiration  and  circnlatioa 
becoming  gradually  reestablished.  This,  to  say  the  least  is  s 
very  remarkable  ease,  but  is  credited  by  many  pbysiol(^i$ts. 

Cause  of  the  HhytJanical  Contractions  of  th^  Heart, 


The  phenomena  attending  the  action  of  the  heart  pre- 
sent few  difficulties  in  their  investigation,  compared  with  tUft 
study  of  the  cause  of  the  regular  contractions  and  relasalion^ 
which  commence  early  in  fcetal  development,  to  terniin 
only  with  life.  This  interesting  question  has  long  engaged 
the  attentiou  of  physiologists,  and  has  been  the  subject  of 
numerous  cvperiments  and  speculations.  It  would  bo  idle 
to  Ibllow  the  various  theories  which  have  been  offered  to 
account  for  this  eonstant  movement,  except  as  a  eubject  of 
purely  historical  interest;  for  many  of  them  are  based  npoit 
a  very  imperfect  knowledge  of  the  phenomena  of  tlie  ciron* 

'  DiKousos,  Human  PAi/tioleffi/,  PhiUdelpbb,  1838.     EigUib  tdition,  toL  i. 
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1^  and  have  fallen  to  the  ground,  as  science  has  advanced. 
!  present  day,  though  we  are  perhaps  as  I'ar  as  ever 
from  A  knowledge  of  the  actual  cause  of  the  rej>Tilar  move* 
mente,  we  are  pretty  well  acquainted  with  the  various  condi- 
tions which  modify  and  regulate  them,  and  have  arrived  at  a 
limit  of  knowledge  which  there  seems  little  prospect  of  ex- 
ceeding. The  enthusiastic  dreamers  of  past  ages  hojjed  to 
diecoTer  the  seat  of  the  soul  and  arrive  at  the  principle  of 
Kfe,  but  we  are  as  much  in  the  dark  as  were  they  with  regard 
to  the  oauee  of  the  various  vital  phenomena.  We  know,  for 
example,  how  to  induce  contraction  in  a  liring  muscle,  or 
one  which  is  just  separated  from  the  organism  and  has  not 
yet  lost  what  we  call  ite  vital  j>ropei'l/'ee,  hut  we  must  confess 
our  utter  ignorance  when  we  ask  ourselves  why  it  acts 
in  response  to  a  stimulus.  The  wonderful  advances  we 
have  made  in  chemiBtiy  and  microscopic  anatomy  do  not 
disclose  the  vital  principle ;  and  when  we  come  to  examine 
the  various  conditions  imder  which  tlie  heart  will  continue 
its  contractions,  we  are  arrested  by  the  impossibility  of  fathom- 
ing the  mystery  of  tlie  cause  of  contraction.  The  heart  is, 
anatomically,  very  much  like  the  voluntary  muscles ;  hut  it 
has  a  constant  function  to  perform,  and  will  act  without  any 
palpable  excitation,  while  the  latter,  which  have  an  occa- 
sional function,  act  only  under  tlio  influence  of  a  natural 
etimnlns  like  the  nervous  force,  or  artificial  irritation. 
The  movements  of  tlie  heart  are  not  the  only  examples  of, 
what  seems  to  be,  spontaneous  action.  Tlie  ciliated  epithe- 
lium is  in  motion  from  the  beginning  to  the  end  of  life,  and 
will  continue  for  a  certain  time  even  after  tlie  celb  are  de- 
tached from  the  organism,  This  motion  cannot  beex])lained, 
unlesa  we  call  it  an  explanation  to  say  that  it  is  dependent 
on  vital  properties. 

But  if  we  are  yet  ignorant  of  the  al)solnte  cause  of  tlie 
rhythmical  contraction  of  the  heart,  we  are  pretty  well  ac- 
quainted with  the  influences  which  render  its  action  regular, 
powerful,  and  sufficient  for  the  purposes  of  the  economy.     It 
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will  facilitate  our  coiupreliension  of  thie,  to  compare  tliia 
action  Tvitli  that  of  the  ordinary  voluntary  moscles. 

In  the  first  place,  every  one  knows  that  the  action  of  thu 
heart  is  involantary.  ^e  can  neither  arrest,  retard,  nor 
accelerate  ita  pulsations  by  a  direct  effort  of  the  will.  In  tliie 
statement  we  of  course  except  tliose  examples  of  arrest  bj 
the  stoppage  of  respiration,  or  acceleration  by  violent  exe^ 
cise,  etc  In  tliia  respect  tlie  heart  dift'ers  from  cert&ia  mn»- 
eles,  like  the  muacles  of  respiration,  which  act  involuntarily, 
it  is  true,  but  whose  action  may  be  temporarily  arrest«d  or 
accelerated  by  a  direct  voluntary  effort. 

The  last-mentioned  fact  gives  us  t!ie  precipe  diiference 
between  the  heart  and  all  other  striped  musclee.  All  of 
tliem,  in  order  to  contract,  must  receive  a  etimnlna,  eltlxf 
natural  or  artificial.  The  natural  stimulus  comes  ironi  the 
nervous  centres,  and  Is  conducted  by  the  ner^-es.  If  thenerves 
going  to  any  of  the  respiratory  muscles,  for  example,  be 
divided,  the  muscle  is  paralyzed,  and  wiH  not  contract  with- 
out eome  kind  of  irritation.  Connection  with  the  nerrons 
system  does  not  eeem  necesfiary  to  the  action  of  the  heart,  {<a 
it  will  contract,  especially  in  tbe  cold-blooded  animals,  Bomo 
time  after  its  removal  from  the  body. 

When  a  muscle  has  been  removed  from  the  body,  and  ia 
subjected  to  a  stimnhis,  such  aa  galvanism,  mechanical  or 
chemical  irritation,  it  is  thrown  into  contraction ;  but  if  care- 
fully protected  from  irritation,  will  remain  quiescent.  Con- 
traction in  this  instance  is  evidently  produced  by  the  appli- 
cation  of  the  stimulus ;  but  the  question  arisee,  Wliy  <]oe8  the 
muscle  thus  respond  to  stimulation  1  This  is  a  question  which 
it  is  impossible  to  answer  satisfactorily,  but  one  concerning 
which  our  ideas,  since  the  time  of  Haller,  have  assumed  a 
definite  I'unn.  This  great  physiologist  c^alled  the  property 
which  causes  the  muscle  thus  to  contract,  itritijAility  ;  which 
ia  nothing  more  nor  less  than  an  unexplained  property  in- 
herent iu  the  muscle,  and  continuing  as  long  as  it  retains  its 
absolute  physical  and  chemical  integrity.     More  than  a  bun 
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dred  yenrs  ago,  Haller  described  certaio  tiseues  of  the  body 
wliicb  possessed  tliis  "irritability,"  such  as  the  muaeles, 
Btomacli,  bladder,  etc.,  and  the  different  d^reea  of  imtabilitj 
vtth  which  each  one  was  endowed.'  He  applied  this  theory 
to  the  action  of  the  heart,  which  he  considered  as  the  part 
endowed  with  irritability  to  the  highest  degree,  llis  theory 
of  the  action  of  the  heart  was  that  ita  rhythmical  contraction 
depended  upon  the  irritability  inherent  in  its  muscular  fibres. 
He  was  far  from  denying  the  various  infinences  which  modi' 
lied  this  action,  but  regarded  its  actual  power  of  contraction 
u6  independent.  It  will  he  interesting  to  review  some  of  the 
fiicts  which  were  established  by  Haller,  and  by  numerous 
physiologists  who  have  since  investigated  this  subject,  and 
fiee  how  far  this  view  of  the  independence  of  the  contractile 
power  of  the  heart  accords  with  the  present  state  of  our 
knowledge. 

^Experiments  have  shown  that  the  heart  will  pulsate  for  a 
time  when  removed  from  all  connection  wilh  other  parts  of 
the  organism.*  In  the  cold-blooded  animals,  in  wbicli  the 
irritability  of  the  tissues  remains  for  some  time  after  death, 
this  J8  particularly  marked.  It  is  not  the  blood  in  the  cavi- 
ties of  the  heart  which  causes  it  to  contract,  for  it  will  pul- 
sate when  its  cavities  have  been  emptied.     It  is  not  the  con- 


■  Hinrn,  Minuimt  mr  la  Haturt  Sctitible  tt  Irritable  dn  Fardel  du  Corp* 
Anbaat,  LaiRMire,  1760,  lonie  L  These  Ticwa  wilh  rf|:»rd  to  the  cause  of  tbit 
ution  of  Ibc  heart  ireru  fint  adruirod  by  BaUrr  in  173S  in  coiniuentaries  od  the 
"iBMJKitei"  oC hoeAtmc  (Mim.  de  Buj-br,  p.  87). 

'  NunGToua  iust^ccB  of  connacdona  of  the  heati  m  cold-blooded  uiiinulg  uon. 
tiMtns  fur  ■  v^T  iong  time  aflvr  oieiiuoa,  are  on  record.  Dr.  DuuglisoD,  In  hiB 
woA  OD  Phj-siolog;  (op.  nV.,  vol.  1.,  p.  JOB),  mentiooa  seTcml  inalancffl  where  the 
bvart  pahuted  for  from  ten  to  twcntr-four  hours  after  removal  from  the  hodr. 
Hm  most  remarkibla  eiamplM  of  this  proloDgcd  action  were  iti  tlio  hmrt  of  lh« 
UoTgeoD.  Id  one  ioslwici;,  In  an  eiperiment  on  a  largp  aUigator,  ve  found  the  hrarl 
pnlutiii^,  fnti/B.lweolj«igbt  hours  aller  Uio  aniiDBl  had  been  killed  bj  the  ii^eo 
lioti  of  a  iwlutiaQ  of  iroomra.  Tlic  heart  naa  then  eicUcd,  nucl  conlioueil  to 
bcatiinrins  alongseriosof  eiiwrimenlfl.iinlil  it  was  arresttil  by  powerful  compre*' 
■toa  niUi  ttie  liond,  after  it  had  been  filled  wilh  traloi  aud  Ibc  TssseU  lied. 
16 
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tact  of  tbe  air,  for  the  heart  will  palsate  ia  a  vi 
beart  does  not  receive  its  irritability  from  tli 
tem,  tor,  when  reinoved  from  the  body,  it  1,  . 
with  the  nervous  Byatem ;  and  it  is  not  piu. 
ceivos  any  influence  from  sympathetic  ^rat^. 
lately  been  discovered  in  its  gnbstance^  for  <'.. 
of  the  heart  will  pulsate,  and  the  contrai/t  i 
will  continue  in  animals  poisoned  with  u 
known  to  paralyze  the  motor  system  of  nc;  ■ 

It  is  unnecessary  to  refer  to  the  vur 
which  have  demonstrated  the  independent 
tions  of  the  heart.   They  are  of  such  a  simple  iidui 
may  be  verified  by  any  one  who  will  take  tht^ 
CISC  the  heart  of  a  frog  or  turtle,  place  it  und 
glass  so  that  it  will  not  be  subject  to  possible  irri] 
enrrents  of  air,  and  watch  its  pulsations.    In  -m 
tiuD  as  this,  it  is  evident  that  for  a  certain  1' 
more  or  less  regular,  will  take  place;  qthI 
referred  to  above  show  that  they  take  yhw 
ternal  influence.     In  short,  it  is  evident  li:;.- 
fibres  of  the  heart  possess  an  irritability,  by  vii 
they  will  coatract  intermittently  for  a  time,  /.'■ 
itlus  hfi  applied;  as  ordinary  etrii>ed  mnscular  ;■ 
irritability,  by  virtue  of  which  they  will  respi>r 
to  the  ajiplication  of  a  stimulus. 

It  is  manifestly  necessary  that  the  action 
should  be  constant,  regular,  and  powerful ;  ami 
that  tlie  irritability  inherent  in  its  mnscnlar  ' 
that  it  will  contract  for  a  time  without  any  extc 
wc  by  no  means  assume  that  this  is  the  cause  ol' 
ical  action.  It  is  only  an  important  and  incoii' 
erty  of  the  muscular  fibres  of  the  heart,  and  its  /■ 
is  dependent  upon  otlier  circumstances. 

In  the  first  place,  we  have  to  inquire  what  i 
tion  L'f  the  heart  constant.     Tlie  answer  to  tlii 

'  lows  Reip,  in  Cydopadia  of  Analomy  and  P&ytie/o^y,  i 
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-- .  1>:^  of  blood  into  the  au- 


«•« 


I  the  hearts  of  aUigatoi's 
•vod  from  the  body  and 
v  ItMible,  rapid,  and  irreg- 
M.>d,  the  valves  being  de- 
::i  both  directions  between 
•iH'tions  become  powerful 
:  -,  when  wat€r  was  intro- 
Mirs  became  more  regular 
powerful  as  when  blood 
..■  also  that  the  action  of 
;;ii'jictcr,  particularly  the 
■ou^h  it,  which  may  ex- 
'iMiiia. 
heart,  though  capable 
•Titraction  by  the  blood 
■.nice  at  the  succession 
•old-blooded  animals, 
-iKi  can  bo  easilv  ob- 
•  lire  induced.    If  we 
■    see  fii-st  a  disten- 
•illowed  by  a  c^n- 
::.-  turn  contracts. 
«11  as  the  contact 
;  and  as  all  the 
:  at  the  same  in- 
'<-C!>sary  regular 
iiiil  and  forcible 
iuiof  the  heart 
insures  regular 
>  disturbing  in- 
endowed  with 
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aiitma],  wann  or  cold-blooded.     Thia  irritsbiltty,  whid 
manileatod,  andpr  these  circanistsDi?es,  in  previse]^  the  ei 
way  aa  in  ordinarj  mnsc-les,  is  different  in  d^ree  in  different  ] 
parts  of  the  organ,     llaller  and  otliers  have  shown  tbat  it  ia-  I 
greater  in  the  cavities  timn  on  tbe  enrtace ;  for  long  after  ir-' 
ritation  applied  to  the  exterior  fails  to  excite  coDtractdon,  the 
organ  will  respond  to  a  stiinulug  applied  to  its  interior.    The 
experiments  of  IlaJler  also  show  that  flnida  m  the  cavities  of 
the  heart  have  a  remarkable  infiaeace  in  exciting  and  keep- 
ing up  its  contractions.    This  observation  is  of  much  iotereal, 
as  dkowing  conclusively  that  the  presence  of  blood  is  iiece»> 
sarv  to  the  natural  and  regular  action  of  the  heart.     Wo 
qnoto  one  of  tbe  experiments  on  this  point  pertormetl  uikw  ■   , 
cat: 

"  *  *  *  The  superior  vena  cava  having  been  dirid< 
ed,  and  the  inferior  ligated,  and  the  puiiDoaary  artery  opened, 
and  tbe  right  ventricle  emptied  by  a  sufficient  cou)]>re86io«, 
and  the  aorta  ligated,  all  with  promptitude,  I  saw  tlie  ri^t 
auricle  repose  first,  tbe  right  ventricle  continued  to  beat  t«r 
some  time  in  unison  with  the  left  ventricle,  and  its  walls  de- 
scended toward  the  middle  line  of  the  heart :  bnt  this  ven^ 
triclo  did  not  delay  to  lose  its  movement  the  first.  jVe  for 
the  other  ventricle,  which  could  no  longer  emi>ty  itself  into 
the  aorta,  it  was  filled  with  blood,  and  its  movement  contlti- 
ned  for  four  hours.     **•'■' 

Tliis  experiment  was  confirmed  by  numerous  others.  It 
will  bo  observed  that  one  side  of  the  heart  was  made  to  cease 
its  pulsations,  while  the  other  side  continued  to  contract,  hy 
sioijd/ removing  the  blood  from  its  interior;  which  concln- 
sively  proves  that,  though  the  heart  may  act  for  a  time  in- 
dependently, the  presence  of  blood  in  its  cavities  is  a  stim* 
ulus  capable  of  prolonging  its  regular  pulsationa.  Scbiff  has 
gone  stitl  fiu-ther,  and  succeeded  in  restoring  tbe  pulsations 
ia  tbe  hcai-t  of  a  frog,  which  had  ceased  ailer  it  had  been 

L,  p^soa. 


■r<  ntr  ta  Xaturt  Irritahli  it  Seniibtf  dtt  Partin,  rtr,,  too)* 
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emptied,  by  introducing  a  few  drops  of  blood  into  the  na- 
ricle.'  Our  own  experiments  upon  the  liearta  of  alligators 
ftod  tortlee  sbow  that  when  removed  from  the  body  and 
emptied  of  blood,  the  pulsations  are  feeble,  rapid,  and  irreg- 
ular ;  bnt  that  when  filled  witli  blood,  the  valves  being  de- 
stroj-ed  »o  as  to  allow  free  passage  in  both  directions  between 
tlie  auricles  and  ventricle,  the  contractions  become  jiowerful 
and  regnlar.  In  these  experiments,  when  water  was  intro- 
daced  instead  of  blood,  the  pulsations  became  more  regnlar 
but  were  more  frequent  and  not  as  powerful  as  when  blood 
was  used.'  These  experiments  ehow  also  that  the  action  of 
tlie  heart  may  be  affected  by  the  character,  particularly  the 
density,  of  the  fluid  which  passes  through  it,  which  may  ex- 
n  its  rapid  and  feeble  action  in  anemia. 

J  well  established  that  the  heart,  though  capable 
k'pendent  action,  is  excited  to  contraction  by  tlie  blood 
t  pftfeiea  through  its  cavities.  A  glance  at  the  succession 
uf  ila  movements,  particularly  in  the  eold-blooded  animals, 
where  they  are  so  slow  that  the  phenomena  can  be  easily  ob- 
:,  will  show  how  these  contractions  are  induced.  If  we 
I  at  the  organ  ns  it  is  in  action,  we  see  lii-st  a  dtsten> 
f  tlie  auricle;  this  is  immediately  followed  by  a  con- 
BOQ  tilling  the  ventricle,  which  in  its  turn  contracts. 
lUbtedly  the  tension  of  tlie  fibres,  as  well  as  the  contact 
)od  in  its  interior,  acts  as  a  stimulus ;  and  as  all  the 
■  of  each  cavity  are  put  on  the  stretch  at  the  same  iu- 
j  tbej  contract  simnltaneouBly.     The  necessary  regular 

ntion  of  each  cavity  thus  prod  aces  rhythmical  and  forcible 

contractions;  and  the  mere  fact  that  the  action  of  the  heart 
alternately  empties  and  dilates  its  cavities,  insures  regular 
pulsations  as  long  as  blood  is  supplied,  and  no  disturbing  in- 
fluences are  in  operation, 

The  muscular  fibres  of  iJie   heart   are    endowed   with 


Milbe-Edwariiv,  op.  til.,  (0U1C  ir.,  p.  126. 
I  ef  Iki  Heart  and  Fapiration,  A 
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an  inherent  property,  called  in'^itahUUy,  by  virtue  of  wtiid)  I 
tliej  will  contract  for  ti  certaiD  time  without  the  applicatioo  I 
of  a  Btinmlns.  Irritability,  mnnife&ted  in  this  way,  continaei  I 
so  long  as,  by  tlie  proceeees  of  nutrition,  the  fibres  are  n 
taiaed  in  their  integrity.  The  muscular  tissue,  however,  may  I 
be  thrown  into  contraction,  dnring  the  intervals  of  repoe^  by  I 
the  application  of  a  etimulns,  a  property  vhich  is  enjoyed  | 
by  all  nmscnlar  tibres.  The  irritability  manifested  in  tlik  J 
way  is  macb  more  marked  in  the  interior  than  on  the  exterior  | 
of  the  organ.  Blood  in  contact  with  the  lining  membrane  of  [ 
the  heart  acts  as  a  stimnlns  in  a  remarkable  degree,  and  \a  I 
even  capable  of  restoring  irritability  after  it  has  become  ex- 
tinct. The  passage  of  blood  through  the  heart  is  the  natonl  1 
stimulus  of  the  oi^an,  and  may  be  said  to  be  the  eauaet^  J 
its  regular  pulaaitons,  though  it  by  no  means  endows  the  ] 
fibres  with  their  contractile  properties. 


Injlueiu-e  of  the  JVen'oti-a  Si/slein  on  the  JTeaH.  j 

The  movements  of  the  heart,  as  we  have  seen, : 
directly  under  the  control  of  the  will ;  and  observations  on  1 
the  human  subject,  as  well  as  on  living  animals,  have  shown  I 
tbat  the  organ  is  devoid  of  general  sensibility.     The  latter  I 
fart  was  demonstrated  in  the  most  eatisfactorymanuer  by  Har- 
vey in  the  case  of  the  Viscount  Montgomery.     In  this  case  I 
the  heart  was  exposed  ;  and  Har\ey  found  that  it  could  be  I 
touched  and  handled  without  even  the  knowledge  of  the  sab-  I 
ject.     This  has  been  veritied  in  other  instances  in  the  fanman  J 
subject.     Its  phyeiol<^cal  movements  are  capable  of  being 
influenced  in  a  remarkable  degree  through  thenen'ons  8, 
tem,  notwithstanding  this  insensibility,  and  in  spite  of  the 
fact  tbat  the  muscular  fibres  composing  it  are  capable  of  I 
contraction  when  removed   from  all  connection   with  the  I 
body,  and  that  the  r^ular  pulsations  can  be  kept  up  for  a  I 
long  time  by  the  mere  passage  of  blood  tlirough  its  cavities.  I 
The  iutiuence  thus  exerted  is  so  great,  that  some  eminent  au- 
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thoritw.4  helii  the  opiiiiou  limt  Hie  cause  of  the  irritabilitj  of 
the  organ  was  derived  from  the  nerves.  One  of  the  most 
distingnislied  advocates  of  this  opinion  was  Legallois.  ITiis 
observer  arrested  the  action  of  the  heart  of  tlie  rabliit  by  sud- 
denly destroying  the  spinal  cord,  from  which  he  drew  the 
conclusion  that  the  heart  derived  its  contractile  power  from 
the  cerebro-spinal  eystem.'  The  experimenla  which  wo  have 
already  cited,  showing  the  cootinaance  of  the  heart's  action 
after  excision,  disprove  this  so  completely,  that  it  was  not 
thought  worth  while  to  discuss  this  view  while  treating  of 
the  cao&e  of  its  rhythmical  contraction.  The  same  may  be 
said  with  regard  to  the  experiments  of  Brachet,  in  which  lie 
endeavored  to  prove  tliat  the  contractility  of  the  heart  is  de- 
rived from  the  cardiac  plexus  of  the  sympathetic  system  of 
nerves.  Tlie  fact  that  tiie  heart  does  not  depend  for  its  con- 
tnictility  upon  external  nervous  influence  may  be  regarded 
aa  long  since  definitely  settled ;  but  within  a  few  years  the 
difioOTory  in  its  substance  of  ganglia  belonging  to  the  sympa- 
thetic system  has  revived,  to  some  extent,  the  view  that  its 
irritability  is  derived  from  nerves. 

It  is  not  necessary  to  follow  out  all  the  experiments  which 
combine  to  demonstrate  the  incorrectness  of  this  view.  Ber- 
nard, by  a  series  of  admirably  conceived  experiments  upon 
the  eftects  of  the  woorara  poison,  has  succeeded  in  deiiion- 
Btrating  the  distinction  between  muscular  and  nervous  irri- 
tability." In  an  animal  killed  with  this  remarkable  poison, 
tlie  functions  of  the  motor  nerves  are  entirely  abolished ;  so 
that  gahanization,  or  other  irritation,  does  not  produce  the 
slightest  effect.  Yet  the  nmscles  retain  their  irritability,  and 
if  artificial  respiration  he  kept  up,  the  circulation  will  con- 
tEaae  for  a  long  time.  The  heart,  by  this  means,  seems  to 
be  isolated  from  tlie  nervous  Byeteiu  as  completely  as  if  it  were 
exdeed:  and  galvanization  of  the  pneumogastric  nerves  in 

'  Lboillois,  (EWtra,  toino  L,  p.  B7. 
SniSAiu),  Zfttn*  *■"*  Iti  Effdt  da  Suhttanctt  Toxigurs  et  MedicamtnltuKt, 
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the  neck,  wbicli,  io  a  living  animal,  will  immediatelT  arrest  I 
ita  action,  has  no  effect.  On  the  other  hand,  poisoning  b/fl 
the  sulpho-cjaaide  of  potofsium  destrors  the  muscnlar  irrit«>  I 
biiity,  and  leaves  the  nerves  intact.  By  these  erpcrinieDt^  I 
which  we  have  freqnently  repeated,  we  can  eomplctelT  eep-  1 
arate  the  nen-oua  from  the  muscular  irritability,  and  sboir  I 
tlieir  entire  independence  of  each  other ;  and  tliere  is  e*wj  I 
reason  to  enppoae  that  the  lieart,  like  the  other  nin^eB,  <] 
not  derive  its  contractility  from  any  other  system. 

It  i»  evident,  however,  that  the  heart  is  often  powerftiUf  I 
influenced  through  the  nerves.    Sudden  and  violent  emotiMi 
will  occasionally  arrest  its  action,  and  have  been  known  I 
produce  death.     Palpitations  are  to  be  accounted  for  in  tha  I 
same  way.    Some  of  the  modilications  which  we  have  alreaidjr  I 
considered,  depending  on  exercise,  digestion,  etc.,  are  effected  I 
through  the  nen-es ;  and  it  is  through  this  system  that  the  J 
heart,  and  all  the  important  oi^ans  of  the  body,  are  made  to  I 
a  certain  extent  mutually  dependent.    It  becomes  intorcettng, 
and  highly  important,  then,  to  study  their  influences,  and  | 
follow  out,  as  clearly  as  po^ible,  the  action  of  the  i 
which  are  distributed  to  the  heart. 

The  anatomical  connections  of  the  heart  with  the  n 
centres  are  jnainly  throngh  tha  sympatlietic  and  the  pnen-  | 
mc^astric  nerves.  "We  can  study  the  influence  of  tliese  n 
to  most  advantage  in  two  ways ;  first,  by  dividing  them  and 
watching  the  effect  of  depriving  the  heart  of  tlieir  iuflnenoe; 
and  second,  by  exciting  them  by  means  of  a  feeble  current  I 
of  galvanism.  It  is  well  known  that  in  an  animal  just  killed  I 
the  "nervous  force"  may  be  closely  imitated  by  galvani^o,  I 
which  is  better  than  any  other  means  of  stimulation,  as  it  I 
does  not  afllect  the  integrity  of  the  nerves,  and  the  amooal  I 
of  the  irritation  may  be  easily  regulated,' 

'  Wc  thtU  Dot  druusi  iLc  tttwU  upon  the  facui  oT  suddeo  destruction  of  dk.  >l 
ptat  ucTToo*  c(!ii(r«&  It  bu  bem  Bhixm  thit  the  heart  becoDua  tmMoi  *bHi  I 
the  bnin  u  cnahRl,  u  bf  ■  blow  vitb  >  homnicr,  when  the  inedalb  oblo^ua  oc  T 
tbe  qihul  cord  to  saddnl;  destroftd ;  and  evea  the  cruahing  of  ■  font,  in  the  tng   ] 
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Exp^inents  on  the  inflaenceof  the  Bjmpatlietic  nerves 
apon  the  heart  are  not  quite  as  satiafactury  ns  wc  might 
deetre.  Bracbet  asserts  that  the  action  of  the  heart  is  imme' 
(Itatelr  arrested  by  doitroying  the  cardiac  plexus.'  With 
n^ord  to  this  observation,  we  must  take  into  aeconnt  the 
difficulty  of  making  the  operation,  and  the  disturhnnce  of  the 
heart  conseqaent  upon  tJie  necessary  manipulations ;  circuai- 
BtanceH  whicli  take  away  much  of  its  Talne.  It  has  been 
ehown  pretty  conclnsively,  howeTer,  that  Btimulallon  of  the 
sympathetic  in  tlie  neck  baa  the  effect  of  accelerating  the 
pulsationa  of  the  heart'  The  extreme  difficulty  of  di\-iding 
all  the  bmnches  of  the  sympathetic  going  to  the  organ  leaves 
a  doubt  as  to  whether  such  an  operation  would  definitely 
abridge  its  action. 

Wo  have  next  to  consider  the  influence  of  the  pnenmo- 
gastrics  upon  the  heart.  Experiments  on  these  nerves  are 
made  with  greater  facility  than  on  the  nerves  of  the  eympa- 
tbetic  system,  and  the  roEuIts  are  much  more  satisfactory. 
Like  all  the  cerebro-spinal  nerv^,  the  influence  generated 
in  the  nervous  centre  from  wbieh  they  take  their  origin 
is  conducted  along  tlie  nerve,  and  manifested  at  its  distribn- 
tioB.  "Wlicn  they  are  divided,  we  may  bo  sure  that,  as  far 
Its  they  are  concerned,  all  the  organs  which  they  supply 
■re  cat  oS  from  nervous  iufltienco ;  and  when  galvanized  in 
their  course,  we  imitate  or  exaggerate  the  influence  sent  from 
the  nervouB  centre. 

The  invariable  effect  on  the  heart  of  division  ol  the  pnea- 
mogastric  nerves  in  the  neck  is  an  increase  in  the  frequency, 
and  diminution  in  the  force,  of  its  pulsations.     One  or  two 

hta  l>eMi  knomi  to  produce  tliis  effect.  In  fine,  tbU  mn;  be  ilonc  bf  anr  cxlca- 
UTD  iqjnrj  10  Uia  nervous  Ijsteni ;  but  this  fuct  docs  not  ti!iic:1i  va  miicli  wilti 
itEgud  U  Uu!  phjaiologicil  inSuenccs  of  iho  ocrrei.  Fur  ciBnj^li',  while  cnutk- 
log  at  the  btniti  wroata  the  heart,  Uie  lirnin  mar  be  reinoTed  from  a  living  uumal, 
and  the  heut  will  bctt  for  daft.  Eipcrlmc&td  upon  the  influcnae  of  ihc  meduUa 
^blooi^ti  tad  tiAaal  cord  are  bf  no  nicana  eutier-wlar;. 

•  Ofti-p-Mav/ Anab>m-i  and  J-hniioIufff/,  vol,  ij,,  p.  012. 

*  UiLXx-EumKua,  I'hyriolujfU,  tome  it,,  p.  IGG,  sole. 
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writers  bave  denied  this  fact,  but  it  is  confirmed  hy  ihe  teeti- 1 
mony  of  nearly  all  experimenters.  To  anticipate  n  little  ia  I 
the  history  of  the  pnenmogastric  nerves,it  may  be  stated  that  J 
while  they  are  exclasively  sensitive  at  their  origin,  they  receive  I 
after  having  emerged  from  the  craDial  cavity  &  nnmber  of  f 
filaments  from  various  motor  nerves.  That  they  iiiflaeoee  I 
certain  imiscles,  is  shown  by  their  paralysis  after  division  of  I 
the  nerves  in  the  neck;  as,  for  example,  the  arreet  of  thel 
movements  of  the  glottis. 

Having  this  double  property  of  motion  and  BCR&ation,  and  I 
being  dietribnted  in  part  to  an  organ  composed  almost  excln- 1 
sively  of  mnscular  fibres,  which,  as  we  have  seen,  is  not  eh-  I 
dowed  with  general  sensibility,  we  should  expect  that  their  I 
section  would  arrest,  or  at  least  diminish,  the  frequency  of  f 
the  heart's  action.  What  explanation,  then,  can  we  offer  for  I 
the  fact  that  this  seems  actually  to  excite  tlic  movementa  I 
of  the  heart?  "We  will  be  better  prepared  to  answer  thia  j 
que^ion  after  we  have  studied  the  effects  of  galvanization  of  j 
the  nerves  in  a  living  animal,  or  one  in  which  the  action  of  ] 
the  heart  is  kept  np  by  artificial  respiration. 

Numerous  experiments  have  been  made  with  reference  (o  I 
the  effects  on  the  heart  of  galvanic  cnrrents,  both  feeble  and  [ 
powerful,  passed  tlirough  the  pneumogastrics  before  division, 
of  cnrrents  parsed  throngh  the  upper  and  lower  extremities  I 
after  di\Tsion,  etc.,  a  full  detail  of  which  belongs  properly  to  I 
the  physiological  history  of  the  nervous  syBtera.  In  this  con-  I 
nection,  a  few  of  these  facts  only  need  be  staled. 

It  has  been  shown  by  repeated  experiments,  which  we  j 
have  frequently  confirmed,  that  a  moderately  powerful  cut-  ( 
rent  of  galvanism  passed  through  both  pncumogastricB  will 
arrest  the  action  of  the  heart.,  and  that  the  organ  will  cease 
its  contractions  as  long  as  the  current  is  continued.     This   | 
experiment  has  been  pei-formed  upon  living  animals,  both 
with  and  withont  exposure  of  the  heart.    The  arrest  ia  not 
due  to  violent  and  continued  contraction  of  the  muscular 
fibres;  on  the  contrary,  the  heart  is  relaxed,  its  ventricles  are 
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flaccid,  and  its  fibres  are  for  the  time  paralyzed.  The  qncs- 
tion  then  arises  whether  tliis  action  is  directly  exerted  on  the 
heart  through  the  nerves,  or  whether  an  influence  is  conveyed 
to  the  nervous  centre,  and  transmitted  to  the  heart  in  another 
way.  This  is  settled  by  the  experiment  of  dividing  tlie 
ner\'es  and  galvanizing  alternately  the  extremities  connected 
with  the  heart  and  those  connected  with  the  nen'ous  centres. 
It  has  been  ascertained  that  galvanization  of  the  extremities 
connected  with  the  heart  arrests  its  action,  while  galvaniza- 
tion of  the  central  extremities  has  no  such  eifect.  Another 
interesting  fact  also  shows  that  the  influence  exerted  upon 
the  heart  is  through  the  motor  filaments  of  the  pneumogas- 
trics.  It  has  been  shown  by  Bernard,  in  a  very  curious  series 
of  experiments  which  we  will  not  fully  discuss  in  this  connec- 
tion, that  the  woorara  ix)ison  paralyzes  only  the  motor  nerves, 
leaving  the  sensory  nerves  intact.  If  we  expose  the  heart 
and  pneumogastric  nerves  in  a  warm-blooded  animal  poi- 
soned with  this  agent,  and  continue  the  pulsations  by  keep- 
ing up  artificial  respiration,  we  find  that  the  most  powerful 
current  of  galvanism  passed  through  the  pneumogastrics  has 
no  eflect  upon  the  heart.  The  effect  of  a  feeble  current  of 
galvanism  upon  the  motor  nerves  is  eo  like  the  operation  of 
the  natural  stimulus,  or  ner\'ous  force,  that  for  a  time  many 
physiologists  regarded  the  two  forces  as  identical.  Though 
this  view  is  not  received  at  the  present  day,  it  is  an  admitted 
fact  that  by  galvanism  we  imitate  in  the  closest  manner  the 
natural  action  of  the  motor  nerves,  and  this  has  become  a 
most  valuable  means  of  investigation  into  the  physiology  of 
the  nervous  system. 

Tliough  galvanization  of  the  pneumogastrics  arrests  the 
action  of  the  heart  in  nearly  all  animals,  there  are  some  in 
which  this  does  not  take  place,  as  in  birds ;  a  fact  which  is 
stated  by  Bernard,*  but  for  which  he  offers  no  explanation. 
In  some  experiments  instituted  on  this  subject  a  few  years 

*  Bernard,  Phytioloffie  ei  Pathologie  du  Sy^tkme  Kerveux^tm^  1868,  tome  iL« 
p.  894. 
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writere  Iiave  denied  this  fact,  but  it  ia  confirmed  by  the 
mony  of  nearly  all  esperlmenterB.  To  anticipate  a  Utile  u 
the  history  of  the  pnenraogostric  nerves,  it  may  be  stated 
wliile  thoy  are  exclusively  sensitive  at  their  origin,  they  recei' 
aftfir  having  emerged  Ironi  the  cranial  cavity  a  number  ( 
Jilaments  froni  various  motor  nervee.  That  they  inflaena 
certain  ranscleB,  is  shown  by  their  paralysis  after  division  ol 
the  nerves  in  the  neclc;  aa,  for  example,  the  arrest  of  tbl 
movements  of  the  glottis. 

Having  this  doable  property  of  motion  and  eensatton, 
being  distributed  in  part  to  an  organ  composed  almost  eschli 
sively  of  nmscnlar  fibres,  which,  as  we  have  seen,  is  not  en- 
dowed with  general  Bonsibility,  we  alionld  expect  tliat  thtax 
HectloD  would  arrest,  or  at  least  diminish,  the  freqceiicy  0 
the  heart's  action.  "What  explanation,  then,  can  we  offer  ft 
the  fact  that  this  seems  actually  to  excite  the  movemeDl 
of  the  heart?  Wo  will  be  better  prepared  to  answer  thii 
question  al^er  we  have  studied  the  effects  of  galvanization  <tf- 
the  nerves  in  a  living  animal,  or  one  in  which  the  action  of 
the  heart  ia  kept  up  by  artificial  respiration. 

Numerous  experiments  have  been  made  with  reference  to 
the  effects  on  the  heart  of  galvanic  currents,  both  feeble  and. 
powerful,  passed  tlirough  the  pnenmogastrics  before  division} 
of  currents  passed  throngh  the  upper  and  lower  extreinitteft 
after  dii-iBion,  etc.,  a  full  detail  of  wlu'eh  belongs  properly  to 
the  physiological  history  of  tlie  nervous  syBtem.  In  thia  i 
neetion,  a  few  of  these  facts  only  need  be  stated. 

It  has  been  shown  by  repeated  experiments,  which 
have  frequently  confirmed,  that  a  moderately  powerful  i 
rent  of  galvanism  passed  through  both  pneumogastrica  will 
arrest  tie  action  of  the  heart,  and  that  the  organ  will 
its  contractions  as  long  as  tJie  current  is  contijined.  Thia 
experiment  has  been  performed  npon  living  animals,  botli 
with  and  without  esposnre  of  the  heart.  The  arrest  ie  not 
dne  to  violent  and  continued  contraction  of  the  muficolar 
Bbres;  on  the  contrary,  the  heart  is  relaxed,  its  ventriclea  are 
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flaccid,  and  its  fibres  are  for  the  time  paralyzed.  The  ques- 
tion then  arises  whether  this  action  is  directly  exerted  on  the 
heart  through  the  nerves,  or  whether  an  influence  is  conveyed 
to  the  nervous  centre,  and  transmitted  to  the  heart  in  another 
way.  This  is  settled  by  the  experiment  of  dividing  the 
nerves  and  galvanizing  alternately  the  extremities  connected 
with  the  heart  and  those  connected  with  the  nen'ous  centres. 
It  has  been  ascertained  that  galvanization  of  the  extremities 
connected  with  the  heart  arrests  its  action,  while  galvaniza- 
tion of  the  central  extremities  has  no  such  eifect.  Another 
interesting  fact  also  shows  that  the  influence  exerted  upon 
the  heart  is  through  the  motor  filaments  of  the  pneumogas- 
trics.  It  has  been  shown  by  Bernard,  in  a  very  curious  series 
of  ex]>eriments  which  we  will  not  fully  discuss  in  this  connec- 
tion, that  the  woorara  poison  paralyzes  only  the  motor  ner\'e8, 
leaving  the  sensory  nerves  intact.  If  we  expose  tlie  heart 
and  pneumogastric  nerves  in  a  warm-blooded  animal  poi- 
soned with  this  agent,  and  continue  the  pulsations  by  keep- 
ing up  artificial  respiration,  we  find  that  the  most  powerful 
current  of  galvanism  passed  through  the  pneumogastrics  has 
no  eflect  upon  the  heart.  The  eflfect  of  a  feeble  current  of 
galvanism  upon  the  motor  nerves  is  so  like  the  operation  of 
the  natural  stimulus,  or  ner\'ous  force,  that  for  a  time  many 
physiologists  regarded  the  two  forces  as  identical.  Tliough 
this  view  is  not  received  at  the  present  day,  it  is  an  admitted 
fact  that  by  galvanism  we  imitate  in  the  closest  manner  the 
natural  action  of  the  motor  nerves,  and  tliis  has  l)ecome  a 
most  valuable  means  of  investigation  into  the  physiology  of 
the  nervous  system. 

Though  galvanization  of  the  pneumogastrics  arrests  the 
action  of  the  heart  in  nearly  all  animals,  there  arc  some  in 
which  this  does  not  take  place,  as  in  birds ;  a  fact  which  is 
stated  by  Bernard,*  but  for  which  he  offers  no  ex])lanation. 
In  some  experiments  instituted  on  this  subject  a  few  years 

*  Bernard,  Phynoloffie  et  Pathologie  du  Sytthne  AVveux^Paris,  1868,  tome  IL, 
p.  894. 
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ago  on  alligators,  we  noticed  a  singalar  peculiarity  whi 
throwTs  eorne  light  on  the  qne&tion  we  are  now  oonsidei 
Desiring  to  demonstrate  to  tbe  class  at  the  }(ew  Oriei 
8chool  of  jUedieiae  the  action  oftlie  heart  in  tltia  animal,  a 
alligator  six  feet  in  length  wa&  poiEoned  with  woon 
the  heart;  exposed.     The  animal  came  under  the  i 
the  poison  in  aboat  thirty  minntes,  when  the  d 
commenced,  and  was  qnite  dead  when  the  heart  w 
The  pneumogastrics  were  then  exposed  and  galTanised, ' 
the  effect  of  promptly  arresting  the  action  of  the  heart. 
observation  was  verified  in  another  experiment.     We  we* 
at  first  at  a  loss  to  acconot  for  the  absence  of  effect  of  t 
woorara  on  the  motor  filaments  of  the  pneumogastrie  nem 
bnt  on  reflection  thought  it  might  be  due  to  elow  absorption  of  * 
the  poison  in  bo  large  a  cold-blooded  animal.     With  a  view 
of  ascertaining  whether  there  is  any  difference  in  the  prompt- 
ness with  which  different  nerves  in  tbe  body  are  affected  by 
this  u;:;(-nt,  we  made  the  following  experiment  npoa  a  dof. 
The  animal  was  bronght  under  the  influence  of  ether,  and 
the  heart,  the  pneumogastrics,  and  the  sciatic  nerve  i 
exposed.     Galvanization  of  the  sciatic  produced   mtu 
contraction,  and  of  the  pneumogastrics  arrested  the  hcvil 
promptly.     A  grain  of  woorara,  diseolved  in  water,  was  tl 
injected  under  tbe  skin  of  the  tliigli.     One  hour  after  I 
injection  of  tbe  woorara,  the  sciatic  was  found  insensible  ti 
galvanism,  but  the  heart  could  be  arrested  by  galvi 
of  the  pneomc^aetrics,  tliough  it  required  a  powerful  c 
A  weaker  carrent  diminished  tbe  frequency,  and  i 
tbe  force,  of  its  polsations.'      In  this  experiment,  the  opera* 
tion  of  opening  the  chest  undoubtedly  diminished  the  activjQr 
of  absorption  of  the  poison,  and  consequently  retarded  its  e^ 
fect3  npon  the  nervous  system.     Taken  in  connection  witll  J 


'  TbU  iocreaie  in  the  roK«  of  tlie  tcul,  which  BnxjmpBnied  the  di 
the  flvqaencj  or  ita  pulratioiis,  coiueqiicnt  upon  feeble  gklnuIutloQ  of  the  (bo*  I 
mogutrico,  iru  oonstantl;  obwrved  in  man;  eiptnmaitB.  Thstoroeof  Ibepdfl^ 
Htioiu  wiu  measorrd  bj  tbs  cuiliomcter. 
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tbe  observations  on  alligator?,  it  BbowB  tbat  tlie  motor  nerves 
are  not  all  affected  at  the  same  timo,  and  tbat  the  pneumo- 
f]:stitric8  resiBt  the  actioo  of  this  peculiar  poison  nflcr  the 
motor  nerves  generally  are  paralyzed.  This  shows  a  conser- 
vative provision  of  Katnre  which  g^uards  partieiilarlj  the  im- 
portant influence  exerted  by  these  nerves  upon  the  heart," 

Our  knowledge  of  the  inlierent  properties  of  the  raiiBcular 
fibres  of  the  heart,  and  the  effects  of  the  passage  of  blood 
throngb  its  cavities,  which  together  are  competent  to  keep 
np  for  a  time  regular  pulsations  without  the  intervention  of 
the  nervous  system,  taken  in  connection  with  the  facts  just 
stated,  concerning  the  influence  of  section  or  galvanization 
of  the  pnenmogastrie  nerves,  enables  tia  to  comjirehend  pretty 
well  the  infinence  of  these  nerves  on  the  heart.  They  un- 
dovbtedltf  pmform  the  important  function  of  TeffttlatiTUf  the 
forct  and  frequency  of  ita  ■pulsations. 

Hardly  any  reflection  is  necessary  to  convince  ns  of  the 
importance  of  sncli  a  function,  and  bow  it  mnst  of  necessity 
bo  oecomplislied  tlirough  tho  pneumogastrica.  It  is  impor- 
tant, of  course,  that  the  heart  should  act  at  all  times  with 
neariy  the  eame  force  and  frequency.  We  liave  seen  tbat 
the  inherent  properties  of  its  fibres  are  comi>etent  to  make  it 
contract,  and  tlie  noccsBary  intermittent  dilitntion  of  ita  cavi- 
ties makes  these  contractions  assume  a  certain  regularity ; 
but  the  quantity  and  density  of  the  blood  are  subject  to  very 
considerable  variations  within  the  limits  of  health,  which, 
without  some  regulating  influence,  would  undoubtedly  caiisn 
rariations  in  tho  heart's  action,  so  coneiderablo  as  to  be  iiijn- 
rioiu.  This  is  shown  by  the  comparatively  inefiicicnt  and 
{lalpitating  action  of  the  heart  when  the  pneumognstrics  are 
divided.  These  nerves  convey  to  the  heart  a  constant  influ- 
ence, which  we  may  compare  to  the  insensible  tonicity  im- 
parteil  to  voltmtary  muscles  by  the  general  motor  system. 

'  For  dcUlla  of  Uum  eipcrimoiu  the  reodci  ia  rdbmd  lo  an  vlldu  lif  Ihe 
■Q&ar,  AD  tlie  AHUm  oftht  Hiari  and  Retpiralion,  In  7K«  Amtrican  Journal  of 
UtJirol  Stimea,  Ovi.,  ISRl. 
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For  we  know  that  wlien  a  set  of  muscles  on  (Hie  side  ia  par- 
al;zed,  as  in  facial  palsy,  their  tonicity  is  lost,  they  beenme 
flaccid,  and  the  tnusclee  on  the  other  side,  wttbout  any  eSbrt 
of  the  will,  distort  the  features. 

We  can  imitute  an  exaggeration  of  this  force  by  a  feeble 
current  of  galvanisoi,  which  makes  the  pulsations  of  the  heart 
less  frequent  and  more  powerful ;  or  exag^rate  it  still  tnon 
by  a  more  powerful  current,  which  arrests  the  nctton  of  the 
heart  altogether. 

Phenomena  are  not  wanting  in  the  human  subject  whieli 
verify  th^e  views.  Causes  which  operate  throngti  the 
nervous  system  frequently  produce  pnlpitatioa  and  irregular 
action  of  the  heart.  Cases  are  not  uncommon  in  vhich  p«t 
pilation  habitually  occurs  after  a  full  meal.  There  ore  in- 
stances on  record  of  immediate  death  from  arrest  of  the 
heart's  action  from  fright,  anger,  grief,  or  other  severe  men- 
tal emotions.  Syncope  from  these  causes  is  by  no  incans  un- 
common. In  the  latter  instance,  when  the  heart  re«nmc8  its 
functions,  the  nervous  shock  carried  along  the  pncnmognstrMX 
is  only  suificient  to  arrest  its  action  temporarily.  Wbn 
death  takes  place,  the  ehock  is  so  great  that  tlie  heart  nenr 
recovers  from  its  effects.' 

Summar;/ of  certain  Causes  of  Arrest  of  tAe  Action  (^  At 
Heart, 

In  warm-blooded  animals,  the  heart's  action  speedily 
ceases  after  it  is  deprived  of  its  natural  stimulns,  the  blood 
It  ia  not  from  expenments  on  the  inferior  animals  alone  th«t 
■we  derive  proof  of  this  fact.  It  is  well  known  that  ia  profiise 
hemorrhage  in  the  human  subject,  the  contractions  of  tht 

'  Ad  eiplaiutioa  of  (he  [oflueDM  nf  the  lamnnngul/ie  nvrrM  on  die  bMi^ 
rer;  like  Uie  oae  «e  hira  giTrai,  is  mule  bj  Longel  (TVwitfA  nythUpi, 
Fuii,  IMl,  tome  L,  p.  TSS) ;  but  thli  aotbor  ». 
■nil  t)M  ^npctlictlc  luTO  so  BQta)<i>c]jlic  utioo,  tJ 
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heart  are  progressively  enfwbled,  and,  when  the  loss  of  blood 
Las  proceeded  to  n  certain  extent,  are  permanently  arrested. 
Cii£«9  ol'  transfiision  after  hemorrhage  show  that  when  blood 
is  introdnced,  the  heart  may  be  made  t<>  resume  its  pulsa- 
tions. The  same  result  takes  place  in  death  by  asthenia ;  and 
cases  are  on  record  where  life  lias  been  prolonged,  as  iu  hera- 
(MThago,  by  transfusion  of  even  a  small  quantity  of  liealtliy 
blood.  These  facta  have  been  demonstrated  on  the  inferior 
animals  by  experiments  already  cited.  The  experiment  of 
Haller,  iu  which  the  action  of  the  right  side  of  the  heart  of  a 
cat  was  arrested  by  emptying  it  of  blood,  while  the  left  side, 
which  was  filled  ivith  blood,  coutiiiued  to  pnlsate,  showed 
that  the  absence  of  blood  in  its  cavities  is  competent  of  itself 
to  vreet  the  heart.  The  experiments  of  Erichsen,  who  par- 
alyzed the  heart  by  ligating  the  coronary  arteries,  and  Schiff, 
who  produced  a  local  paralysis  by  ligating  the  vessel  going  to 
the  right  ventricle,  show  that  the  heart  may  abo  be  arrested 
by  cutting  off  the  circulation  of  blood  in  its  substance.  Both 
of  these  causes  must  operate  in  arrest  of  the  heart's  action 
in  hemorrhage. 

The  mechanical  causes  of  arrest  of  the  heart's  action  are 
of  considerable  pathological  imiwrtance.  The  Iieart,  in 
common  with  other  muscles,  may  be  paralyzed  by  sufficient 
mechanical  injury.  A  violent  blow  upon  the  deltoid  iiai-alyzea 
tlie  arm;  a  severe  strain  will  pai'alyze  the  muscles  of  an 
extremity ;  in  the  same  way  excessive  distention  of  the  cav- 
ities of  the  heart  will  arreet  its  pulsations.  This  is  shown  by 
arrest  of  the  circulation  in  asphyxia.  We  have  already  seen, 
that  under  these  circnmstancea  the  heart  is  incapable  of 
forcing  the  unaerated  blood  through  the  systemic  capillaries; 
it  finally  becomes  enormously  strained  and  distended,  and 
consequently  paralyzed.  The  same  result  follows  the  appli- 
cation of  a  ligature  to  the  aorta.  This  efl'ect  may  be  pro- 
duced, also,  in  the  cold-blooded  animals,  in  which,  if  the 
lieart  be  left  undisturbed,  the  pulsations  will  continue  for  a 
long  time.    The  following  experiment  illustrating  this  point 


cnecciATioii. 


was  performed  upon  the  heart  of  an  alligator  sii  feet  la 


The  animal  was  poisonetl  with  woorara,  and  twenty-ei 
hoars  after  death  the  heart,  which  had  heen  exposed  and 
iti  sitUy  was  pulsating  regularly.     It  was  then  nymoi^  S 
the  body,  and  after  some  experiments  on  the  comiiantira 
force,  etc.,  of  the  pukations,  when  emptr,  and  when  filled 
with  hlood,  was  filled  with  water,  the  valves  having  beem 
'lestrored  so  as  to  allow  free  passage  of  the  fluid  through  thai 
cavities,  and  the  vessels  ligated.     "  The  ventricles,  still  fined 
with  water  confined  in  their  cavity,  wero  then  finnlj  oom- 
])rcssed  with  the  hand,  so  as  to  subject  the  muscular  tibrea  to 
powerful  compression.     From  that  time  the  heart  eatireljr 
ceased  its  contractions,  and  became  hard,  like  a  muscle  hi  a 
state  of  cadaveric  rigidity." ' 

This  cxjterimcnt  shows  how  completely  and  promptly  the 
heart,  even  of  a  cold-blooded  animal,  may  be  arrested  m  its 
action  by  mechanical  injuiy. 

Cases  of  death  Irom  distention  of  the  heart  are  not  iufre- 
quent  in  practice.  It  is  well  established  tliat  the  form  of 
organic  disease  which  most  freqnently  leada  to  sudden  death 
is  that  in  which  the  heart  is  liable  to  great  dietcnlion.  Wo 
refer  to  di^a.sc  at  the  aortic  orifice.  In  other  lesions,  there 
is  not  this  tendency ;  bat  when  the  aortic  orifice  is  contracted, 
or  the  valrcs  are  insufficient,  any  great  disturbance  of  tbo 
circnlation  will  cause  tlie  heart  to  become  engorged,  which  \A 
li.ible  to  jirodcce  a  fatal  result. 

Most  jwrsons  are  practically  familiar  with  tlte  dtstroae- 
ing  sense  of  suffocation  which  frequently  follows  a  blow 
upou  the  epigastrium.  A  few  cases  are  on  record  of  instan- 
taneous death  following  a  comparatively  slight  blow  in  this 
region.  Wo  liad  an  opportunity  in  the  winter  of  l$54-'55  of 
witnessing  an  autopsy  in  a  case  of  tliis  kind.  A  ynutig 
mulatto  man,  employed  as  a  waiter  at  tlie  Loniaville  Hotel, 
received  a  blow  in  tbe  epigastnnm,  while  frolicking,  whidi 

'  Smrrican  Jovraal,  Oct.  IB61,  p.  Sfii. 
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prodaced  inetantaiieoua  death.  On  post-mortem  examination 
no  lesion  was  discovered.  Tbongb  these  cases  are  rare,  tlio; 
are  well  known,  and  the  effects  are  generally  attribnted  to 
mjupy  of  tlie  solar  plexns.  The  distress  is  precisely  what 
would  occur  from  sudden  arrcAl  of  the  heart's  action ;  for  it 
Ib  tlie  Wood  charged  with  oxygen  and  sent  by  the  heart  to 
tfao  system,  ^iiich  supplies  the  wants  of  the  tisanes,  and  not 
the  Bimplo  entrance  of  air  into  the  lungs ;  and  arrest  of  the 
circalation  of  arterial  blood,  from  any  cause,  produces  suffo- 
ciitton  as  completely  as  though  the  trachea  were  ligated, 
TTiis  fact  ia  clearly  proven  by  experiments  in  the  article  re- 
ferred to  above.  It  ia  a  question  whether  the  arrest  of  tlie 
heftrt,  if  tins  be  the  pathological  condition,  be  due  to  concus- 
aion  of  tlic  nervous  centre,  or  to  the  direct  effects  of  tho  blow 
upon  the  organ  itself.  Our  pi-esent  data  do  not  enable  us  to 
answer  this  question  definitely,  but  rather  incline  ns  to  the 
opinion  tiiat  ia  such  accidents  the  symptoms  are  due  to  direct 
injury  of  the  Leoil,  An  additional  argmncnt  in  favor  of  this 
view  is  founded  on  our  knowledge  of  the  mode  of  operation 
oi  the  sympathetic  system.  The  effects  of  stimulation  or 
irritfition  of  this  system  are  not  instantaneously  manifested, 
as  is  the  case  in  the  cerebro-spiual  system,  but  are  developed 
Blowly  and  gradually. 

Ab  fur  as  we  have  been  able  to  learn  by  esperiraeiit,  the 
nravons  influences  which  arrest  the  action  of  the  heart  oper- 
ate tlirouj^h  the  pueumogastrics.  As  we  have  just  seen,  we 
CftU  closely  imitate  this  action  by  galvanism.  The  causes  of 
ureet  in  this  way  are  numerous.  Among  them  may  Iw  men- 
tioned, sudden  and  severe  bodily  pain  and  severe  mental 
omutiun^.  With  the  exceptions  of  arrest  of  the  lieart  from 
loes  of  blood  and  from  distention,  trom  whatever  cause  it  may 
occur,  stoppage  of  tho  lieart  takes  place  through  tlie  nervous 
Bygtetn.  It  may  be  temporary,  as  in  syncope,  or  it  may  be 
permanent ;  examples  of  which,  though  rare,  are  sufficiently 
well  anthenticated. 
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Li  man  and  in  all  aniiuals  poB&cseed  of  a  double  beBtt^ 
each  contractioa  of  tbifi  organ  forces  a.  cliarge  of  blood  from  ' 
tlie  right  ventriiJe  into  the  pulmonary  artery,  and  from  Uie 
left  ventricle  into  the  aorta.  "We  have  seen  how  the  valves 
which  guard  the  orifices  of  these  veespls  effectnally  piwent 
regurgitation  daring  the  intervals  of  contraction.  There  is, 
therefore,  but  one  direction  in  which  the  blood  can  flow  in 
oliedicnce  to  this  intermittent  force;  and  the  fact  that  ia  the 
smallest  arteries  there  is  bd  acceleration  in  the  citrrcut  coin- 
cident with  each  contractioa  of  the  heart,  which  disappeftra 
when  Ihe  action  of  the  heart  is  arrested,  shows  tliat  the  ven- 
tricular Bystole  is  the  prime  cause  of  tlie  arterial  circulnticMl. 

Thia  part  of  the  physiology  of  the  circulation  is  not  M 
simple  as  wc  might  at  lirst  be  led  to  euppoee.     The  arteri€B  I 
have  the  important  function  of  BUppljnng  nutritive  matter  to 
all  the  tissnea,  of  fumisbiDg  to  the  glands  materials  oat  of 
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which  the  seoretiona  are  formed,  and  in  short  are  the  arcnuei 
of  snpplj  to  every  jtart  of  tlie  orcttnism.  The  supply  of 
blood  regulates,  to  a  considerable  extent,  the  process  of  nn- 
tritiun,  and  has  an  important  bearing  on  the  general  and 
special  fiinctioiis.  Tlie  physiological  processes  necessarily 
demand  considerable  modifications  in  the  quantity  of  arterial 
blood  wliich  ia  furnished  to  parts  at  different  times.  For  ex- 
ample, dnring  secretion,  the  glands  reqnire  twice  or  three 
times  as  inncli  blood  ns  in  the  intervals  of  their  action.  The 
force  of  the  heart,  ve  have  seen,  varies  but  little  within  the 
liuiita  of  health,  and  the  conditions  necessary  to  tlie  proper 
distribntiou  of  blood  in  the  economy  are  regnlatetl  almost 
esclusively  by  the  art-erial  system.  These  vessels  are  not  in- 
ert tubes,  but  are  endowed  with  elasticity,  by  which  the  cir- 
culation b  consideralily  facilitated,  and  with  contractility,  by 
which  the  supply  to  any  part  niRy  be  modified,  indeiiendent- 
!y  of  the  actJou  of  the  heart.  Sudden  flashes  or  pallor  of  the 
coantensnce  are  examples  of  tiie  facility  with  which  this  may 
be  effected.  It  is  evident,  therefore,  that 'the  properties  of 
the  toata  of  the  arteries  are  of  great  physiological  importance. 
"We  will  then  commence  the  study  of  this  division  of  the  elr- 
colatory  system  with  a  consideration  of  its  phyeiological 
snatomy. 

Physkilot^ical  Anatomy  of  the  Arteries, 

Tlio  vessels  which  carry  the  venous  blood  to  the  lungs 
are  branches  of  a  great  trunk  which  tates  its  origin  from  the 
right  ventricle.  Tliey  do  not  differ  in  stmcture  from  the 
vessels  which  carry  the  blood  to  the  general  eystein,  except 
in  the  fact  that  their  coats  are  somewhat  thinner  and  more  dis- 
tensible. The  aorta,  branches  and  ramiticationa  of  which  sup- 
ply ftU  parts  of  tho  body,  is  given  off  from  the  left  ventricle. 
Jost  at  the  origin,  behind  the  semilunar  valves,  the  aorta  has 
three  sacculated  pouches,  called  tho  sinuses  of  Valsalva.  Be- 
oid  this  point  the  vessels  are  cylindrical     Aa  we  recede 
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irum  the  Leart,  the  arteries  branch,  divide,  and  enbdmd^ 
until  Ihe^'  are  reduced  to  microscopic  size.  The  brancfao^ 
w-itb  the  esception  of  the  intcrcoetal  arterieg,  which  nuke 
nearly  a  right  angle  irith  the  thoracic  aorta,  are  given  off 
at  an  acnte  angle.  As  a  rule,  the  arteries  are  neuljr 
etraigbt,  taking  the  shortest  course  to  the  iiarts  wbicb  ther 
eupply  ifitb  blood ;  and  while  tlie  branches  progreesiveljr  di- 
luinish  in  size,  but  few  are  given  off  between  the  great  tnmk 
and  the  minute  vcsseln  which  empty  into  tbo  capillary  m- 
tem.  Huller  counted  bat  twenty  branches  of  the  mesenteric 
artery  between  the  aorta  and  tlie  capillaries  of  the  ioteetinei.' 
So  long  a&  a  vessel  gives  off  no  branches,  its  caliber  does  nek 
progressively  diminish ;  as  the  common  carotids,  wbitii  an 
as  large  at  their  bifurcation  as  they  are  at  their  origin. 
There  are  one  or  two  instances  in  which  vessels,  tbongli  giv- 
ing off  numerous  branches  in  their  coarse,  do  not  dinaioi^ 
in  size  lor  some  distance;  as  the  aorta,  which  is  ae  large  at 
the  point  of  division  into  the  iliacs,  as  it  is  in  the  chest;  aixl 
the  vertebral  arteries,  which  do  not  diminish  in  caliber  nDtil: 
they  enter  the  foramen  magnnni.*  With  these  exceptions, 
wo  recede  from  the  heart,  the  caliber  of  tlie  vessels  progres- 
sively diminishes. 

It  has  long  been  remarked  that  the  combined  caliber  of 
the  branches  of  an  arterial  trunk  is  mocL  greater  than  that  of 
the  main  vessel ;  so  that  the  arterial  system,  as  it  branches, 
increases  in  capacity. 

The  arrangement  of  the  arteries  is  such  that  the  reqnisite 
snpply  of  blood  is  sent  to  all  parts  of  the  economy  by  tlie 
shortest  course,  and  with  the  least  expenditure  of  Ibrce  from 
the  heart.  Generally  the  vessels  are  so  situated  as  not  to  be 
exposed  to  pressure  and  consei^uent  interruption  of  the  cur- 
rent of  blood;  but  in  certain  Bituations,  as  about  some  of  the 
joints,  there  is  necessarily  some  liability  toocca^onal  com- 

■  Cyrlcperdia  of  Jnatomy  an^  Phytietogy,  loL  i.,  {t.  SSO;  (ad  Tf  ■  1 '  f~.  £?• 
nunia  Htyiola^iw,  Unas  L,  tec  I.  §  IT. 
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In  some  situations,  also,  as  in  tlie  vessels  going  to 
particularly  in  Bonie  Iiiforior  animals,  it  is  necps- 
eary  to  moderate  tie  force  of  the  blood  cnrrent.  on  acconnt 
of  tlie  delicate  structure  of  the  organs  in  which  thej  are  dis- 
tribrited.  Here  Nature  makes  a  provision  in  the  shape  of 
aaastomoEce ;  by  which,  on  the  one  hand,  compression  of  n 
veesol  simply  diverts,  and  does  not  arrest,  tlie  current  of 
blood,  and  on  the  other  hand,  the  current  is  rendered  raore 
et^nalile  and  llic  force  of  the  heart  moderated. 

The  arteries  are  provided  with  membranous  sheaths,  of 
greater  or  less  strength,  as  the  vessels  are  situated  in  parts 
more  or  less  exposed  to  disturbing  influences  or  accidents. 

Researches  into  the  minute  anatomy  of  tlie  arteries  have 
shown  that  they  are  jjossessed  of  three  pretty  well  marked 
routs.  As  these  vary  very  considerably  in  arteries  of  diflerent 
Bizee,  in  their  deacrijttion,  it  is  convenient  to  divide  the  ves- 
sels into  three  classes. 

1,  Tlif  largest  arteries  ;  in  which  are  included  all  tliat  are 
larger  than  the  carotids  and  common  iliacs. 

Th^  arteries  of  medium  size  /    tliat  is,  between  the 
and  iliacs  and  the  smallest. 

The  smallest  arterirs;  or  those  less  tlian  -^^  to  -}j  of  an 

inek  in  diameter.' 

The  largest  arteries  are  endowed  with  great  strength  and 
elasticity.  Their  external  coat  is  composed  of  white  or  in- 
elastic fibrous  tissue.  According  to  Kijlliker,  tliis  coat  is  no 
thicker  in  the  largest  vessels  than  in  some  of  the  vessels  of 
mcdinm  size.  In  some  mediutn-eized  vessels  it  is  actually 
than  in  the  aorta.     This  is  the  only  coat  which  is 


B  middle  coat,  on  which  the  thickness  of  the  vessel  de- 
la  b  cesenlUIIj  the  division  made  bj  EulUkcr  [^Manual  of  Humat  Micro- 
I,  LoDdoD,  1S60,  p.  <SS).    Some  aDatumiala  make  five  or  ercn 
lie  *rl«ri(«.    The  three  coaU  are  prctt?  well  marked,  eacti  pos- 
ing diMJnctlTe  prO]wrtiea.    The  numerons  coals  which  ue  BomeUmm  giit^n 
,  muijr  of  Ihrm,  rimplelijnnsof  the  luoe  tissue.     ThedlrisIoD  InbJ  tlirec cimtd 
■ore  dinple  «nd  ph;r>>*'l*>8>>^ 
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pends,  is  composed  chieflv  of  die  yellow  elastic  ti^ne.  T\at 
tissae  h  disposed  in  numerous  layers.  First  we  bare  a  tbtn 
layer  of  ratniQrmg  elastic  fibres,  and  tben  a  naniber  of  layeni 
of  clastic  membrane,  vrith  numerous  oval  longitudinal  open- 
ings,  wbicb  has  given  it  tJie  name  of  the  "  fenestrated  c 
brane."  According  to  Kijlliker,  lietween  the  layers  of  tfail 
membrane  are  found  a  few  unf^triped  or  iovoluntary  n 
lar  fibres,  bnt  Robin  states  tiiat  muscular  fibres  are  onlyfuuiit 
in  arteries  of  medium  eize.'  Muscolar  fibres,  it'tbey  exist  at 
all  in  the  largest  arteries,  are  very  lew,  and  of  little  pliysi*- 
lo^cal  importance.  The  middle  coat  of  tbe  largest  arterk* 
gives  them  their  yellowish  hue,  and  tbe  elasticity  for  ivludi 
tbey  are  so  remarkable. 

The  internal  coat  of  the  largest  arteries  does  not  diffef 
materially  from  the  lining  membrane  of  tbe  rest  of  tits 
arterial  system.  It  is  identical  in  structure  with  tbe  end» 
cardium,  the  membrane  lining  the  carities  of  tbe  heart,  ■ 
is  continued  through  tbe  entire  vascular  system.  It  a  atl 
homogeneous  membrane,  covered  with  a  layer  of  eloDgsted 
epithelial  scales,  with  oval  nuclei,  their  long  diameter  ft' 
lowing  the  direction  of  tbe  vessel. 

The  arteries  of  medium  size  possess  considerable  etr 
some  elasticity,  and  very  great  contractility.     In  tbe  < 
and  inner  coat6  we  do  not  diatinguish  any  great  difiereooi 
between  them  and  tbe  largest  arteriee,  even  in  tltidaiGMk 
The  essential  difference  in  the  anatomy  of  these  vesBels  i 
found  in  tbe  middle  coat.     Ilere  we  have  a  coDtinaation  o 
the  elastic  elements  found  In  tbe  largest  vessels,  bet  idi 
lively  diniinislied  in  thickness,  and  mingled  with  tlie  fBBifomt 
involuntary  muscular  fibres,  arranged  at  right  angles  to  tha 
course  of  tbe  vessel.     These  fibres  are  found  iu  tbe  innei 
layers  of  the  middle  coat,  and,  according  to  Robin,  only  ti^ 
arteries  smaller  than  the  carotids  and  primitive  iliocs.     I 
arteries  of  medium  size,  like  the  femoral,  profunda  lemori 
radial,  or  ulnar,  they  exist  la  numerous  layers,    There  is  a 

'  Itoux,  k  Xrsten'v  Dittioma^rt  dt  Uidttint,  issa.    ArGrt, 
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distinct  diTieioD,  as  regards  the  middle  coat,  between  the 
Urgest  arteries  and  those  of  medioin  size.  Ae  we  recede  from 
tlie  heart,  mirecular  fibres  gradually  make  tbeir  appearance 
between  tbe  elafitic  layers,  progressively  increasing  in  quan- 
tity, while  the  clastic  element  is  diininiEhed. 

In  the  tmulleet  nrteries  the  external  coat  is  tliin,  and  dis- 
appears juat  before  the  vessels  empty  into  the  capillary  ey&- 
tem  ;  so  that  the  very  smallest  arterioles  have  only  the  Inner 
coat  and  a  layer  of  muscular  fibres. 

The  middle  coat  is  composed  of  circular  muscular  fibres, 
withoat  any  admixture  of  elastic  elements.  In  vessels  ytB 
of  an  inch  in  diameter,  we  have  two  or  three  layers  of  fibres; 
but  as  we  near  the  capillaries,  and  as  the  vessels  lose  the  ex- 
ternal fibruoft  coat,  these  fibres  have  but  a  single  layer.' 

Tlie  internal  coat  presents  no  difference  from  the  coat  in 
other  vessels,  with  the  exception  that  the  epithelium  is  less 
distinctly  marked,  and  is  lost  near  the  capillaries ;  the  mem- 
hrane  being  studded  with  longitudinal  oval  nuclei. 

A  tolerably  rich  plexus  of  vessels  is  found  in  the  external 
coats  of  tlie  arteries.  These  are  called  the  vata  vanorum,  and 
come  trom  the  adjacent  arterioles,  having  no  direct  connec- 
tion with  the  vessel  on  which  they  are  distributed.  A  few 
vessels  penetrate  the  external  layers  of  the  middle  coat,  but 
none  aru  erer  found  in  the  internal  coat, 

Kervous  filaments,  principally  from  the  sympathetic  bj-b- 
tern,  accompany  the  arteries,  iti  all  probabiUty,  to  their  re- 
motest ramifications;  though  tlieyhave  not  yet  been  demon- 
Bb'ttted  in  the  smallest  arterioles.  These  arc  not  distributed 
ill  the  walU  of  the  large  vessels,  but  rather  follow  them  in 
tbeir  course;  their  filaments  of  distribution  being  found  in 
those  vessels  in  which  the  muscnlar  element  of  the  middle 
coat  predominates.  When  we  come  to  treat  of  the  physiology 
of  the  organic  system  of  nerves,  we  shall  see  that  the  "  vaso- 

'  Tlic  Btniclure  of  Ihe  enuUlost  urtcriea  can  bo  beautifully  aihibited  m  tnA 
ulcroeoopio  piepantions  or  tbe  |iis  mater,  in  wUich  the  Tuiom  points  to  wlilob 
>e  hiTe  kUuilud  cui  be  eoailf  studied. 
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motor"  nerves  jilay  an  important  part   in  regulating  the 
fnnction  of  nutrition. 

Course  of  the  Slood  in  the  Arteries. — At  eveiy  pnkatioil 
of  tlic  heart,  all  tLe  blood  contained  in  the  ventricles,  except- 
ing, perhaps,  a  few  drops,  ia  forced  into  the  great  veeeela. 
We  have  already  studied  the  valvnlar  arrangement  by  Thick 
the  blood,  once  forced  into  these  vessels,  is  prevented  from. 
returning  into  the  ventricles  during  the  diastole,  The  Bketdl 
we  have  given  of  the  anatomy  of  the  arteries  has  prepared  ni 
for  a  complexity  of  phenomena  in  the  circulation  in  these 
vessels,  which  would  not  obtain  if  they  were  simple,  inelaBtie 
tubes.  In  thiB  case  the  intermittent  force  of  the  heart  wonU 
be  felt  equally  in  all  the  vessels,  and  the  arterial  circnlstion 
would  be  subject  to  no  modifications  which  did  not  eoi 
from  the  action  of  thu  central  organ.  Aa  it  is,  the  blood 
received  from  the  heart  into  vessels  endowed,  not  only  with 
great  elasticity,  but  with  contractility.  The  elasticity,  vhieh 
ia  the  i)rozninent  property  of  the  largest  artcriee,  nioderatei 
the  intermitteney  of  the  heart's  action,  providing  a  conttnaon*- 
supply  to  the  part* ;  while  the  contractility  of  the  emallest 
arteries  is  capable  of  increasing  or  diminishing  the  supply  in 
any  part,  aa  may  be  required  in  the  various  functions. 

JE^lagticiti/  of  the  Arteries. — This  property,  particoluli 
marked  in  large  vessels,  has  long  been  recognized.  If,  for 
example,  we  forcibly  distend  the  aorta  with  water,  it  may  be 
dilated  to  more  than  double  its  ordiuaiy  capacity,  and  will 
resume  its  original  size  and  form  as  soon  as  the  pressnie  ia 
removed.  This  simple  experiment  teaches  us,  that  if  the 
force  of  the  heart  i>e  sufficient  to  distend  tho  great  vessels, 
their  elasticity  during  the  intervals  of  its  action  must  bo 
continually  forcing  the  blood  toward  the  jieriphery.  Tbe 
fact  that  the  arteries  are  distended  at  each  systole  is  abun- 
dantly proven  by  actual  experiment ;  though  the  immenM 
capacity  of  the  arterial  systt-m,  compared  with  tlie  amsU 


diargo  of  blood  whic)i  enters  at  eat-li  pulsutioii,  rcndera  tho 
nctual  distention  of  the  vessels  less  than  we  slioiikl  lie  led  to 
expect  from  the  force  of  the  heart's  contraction.  The  most 
satiefnctDry  experiments  on  thia  subject  are  those  of  Poiseu- 
ille.'  This  observer  illnatratcd  the  dilatation  of  the  arteries 
in  tho  tbllowing  way :  Having  exposed  &  considerable  extent 
of  the  primitive  carotid  in  &  horse,  he  enclosed  a  i)ortion  in  s 
tin  tube  tilled  with  water  and  connected  with  a  small  npright 
graduated  tube  of  glass.  The  0]>eiiingB  around  the  artery,as 
it  passed  in  and  out  of  the  apparatus,  being  carefully  scaled 
with  tallow,  it  is  evident  tliat  any  dilatation  of  the  vessel 
would  be  indicated  by  an  elevation  of  the  water  in  the  grad- 
uated tnbe.  This  experiment  invariably  showed  a  marked 
dilatation  of  the  artery  with  each  contraction  of  tho  heart. 

"  We  remark  that  tlie  dilatation  is  not  ver^  considernble ; 
thog  it  is  not  easy  to  recognize  it  by  simple  inspoc-ti'iu,  in  an 
artery  of  even  the  caliber  of  that  which  occupies  us,  alter  we 
have  it  exposed."' 

It  being  fully  established  that  the  arteries  are  dilated  with 
each  ventricular  systole,  it  becomes  important  to  study  the 
influence  of  their  elasticity  upon  the  current  of  blood.  Divi- 
sioti  of  an  artery  in  a  living  animal  exhibits  one  of  tho  im- 
portant phenomena  due  to  the  elastic  and  yielding  character 
of  its  walLi,  We  observe,  even  in  vesseb  of  considerable 
Btze,  as  the  carotid  or  femoral,  that  the  flow  i>f  blood  is  not 
intermittent,  but  remittent.  With  each  ventricular  systole 
there  is  a  sudden  and  marked  impulae ;  but  during  the  inter- 
vals of  contraction,  the  blood  continues  to  flow  with  consid- 
erable force.  As  we  recede  from  the  heart,  the  impulse 
becomes  leas  and  less  marked ;  but  it  is  not  entirely  lost,  even 
L  tbe  smallest  yessels,  the  flow  becoming  constant  only  in 
HpiUary  system.  That  the  force  of  tho  heart  is  abso- 
f  intermittent,  is  shown  by  the  following  experiment : 

miDiLLC,  Sichriv/ia  tur  FAdicn  (fei  Arifra  daru  la  Circulation  ArU- 
a  di  Phf>i'ii«<fit,Y»,t\i,  1829,  tomcii.,  p.  44. 
..  ^  48. 
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If  the  oi^an  be  exposed  in  a  living  animal,  and  u  canola  be  I 
introduced  tlirougli  the  walls  into  one  of  the  Tentricka,  ve  j 
have  a  powerful  jet  at  each  systole,  but  no  blood  is  diecliargnl  j 
during  the  diastole.  The  aanie  absolute  intermitteacv  of  the  I 
current  will  be  seen  if  the  aorta  l>e  divided.  It  ia  evident  1 
that  we  must  look  to  the  arteries  theineelves  for  the  force  1 
which  produces  a  flow  of  blood  in  the  intervals  of  the  heart's  I 
action.  The  conversion  of  the  intermittent  current  in  the  I 
largest  veeaels  into  a  nearly  constant  flow  in  the  Bmallcet  1 
arterioles  is  effected  by  the  phyeical  property  of  elas-  I 
ticity.  This  may  be  illustrated  in  any  elastic  tube  of  J 
Bofficient  length.  If  we  connect  with  a  syringe  a  series  of  j 
rubber  tubes  progressively  diminishing  in  calilter,  and  ilb- 1 
charging  by  a  very  small  orifice,  and  inject  water  in  an  in-  I 
termittcnt  current,  if  the  apparatus  be  properly  adjusted,  I 
the  fluid  wiil  be  discharged  at  the  end  of  the  tul>e  i 
continnous  stream.  Nearer  the  syringe,  the  stream  wit!  1 
lie  remittent ;  and  directly  at  the  point  of  connection  of  1 
the  syringe  with  the  tube,  the  stream  will  be  intermtttenL  1 
The  iutennittent  impulse  may  be  said,  in  this  ease,  to  be  ] 
progressively  absorbed  by  the  elastic  walls  of  the  tube.  £ach  [ 
impulse  first  dist«nds  that  portion  of  the  tube  nearest  to  it,  ] 
and  further  on,  the  distention  is  diminished,  until  it  becomes  J 
inappreciable.  If  the  syringe  be  connected  with  two  tubes^  I 
one  elastic  and  the  other  inelastic,  the  current  will  be  ^ther~l 
remittent  or  continuous  lu  the  one,  and  intermittent  in  the  1 
other. 

lliis  modification  of  tlie  impulse  of  the  heart  has  gre«t4 
physiological  importance:  for  it  is  evidently  essential  tbatri 
the  current  of  blood,  as  it  flows  into  the  delicate  capillary  I 
vessels,  should  not  be  alternately  intermitted,  and  impelled  I 
with  the  full  power  of  tlie  ventricle.  After  all,  it  ia  in  the  I 
capillaries  that  the  blood  performs  its  functions,  and  heta  we  I 
shonld  Lave  a  constant  supply  of  the  fluid  in  proper  quantity  i 
and  in  proper  condition  to  meet  the  nutritive  reqaireiuenU  I 
of  the  parts. 
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Tlie  elasticity  of  the  arteries  favore  tLe  flow  of  tlie  blood 
towiiril  the  capillaries  bj  a  mecliaiiistn  wHicli  is  etisily  un- 
derstood. Tlie  blood  diacliai^ied  from  tlie  heart  distends  the 
elastic  veseel,  which  reacts,  alter  the  distending  force  ccafies 
to  operate,  and  compresset!  its  fluid  contents.  Tliia  reaction 
woald  have  a  tendency  to  force  the  blood  in  two  directions, 
were  it  not  for  an  instaiitaneous  closure  of  tbo  valves,  whidi 
makee  regurgitation  impossible.  The  influence  then  can  only 
be  exerted  in  the  direction  of  tbo  periphery ;  and,  if  we  can 
iiiisgiae  as  divided  an  action  which  is  propagated  with  SDch 
rapidity,  tbo  reaction  of  that  portion  of  the  vessel  immedi- 
atoly  distended  by  the  heart,  distends  a  portion  farther  on, 
which  in  ita  turn  distends  another  portion,  and  bo  the  wave 

rsee  along  until  the  blood  is  discharged  into  the  capillaries, 
litis  way  we  can  see  that  in  vessels  removed  s  sufficient 
distance  from  the  heart,  tiie  loree  exerted  on  the  blood  by 
the  reaction  of  the  elastic  walls  is  competent  to  produce  a 
very  considerable  current  during  the  intervals  of  tlie  heart's 
contraction. 

This  theoretical  view  is  fully  carried  ont  by  the  following 
fiitnple  and  conclusive  experiment  of  M.  Marey.  He  con- 
nected two  tubes  of  equal  size,  one  of  rubber  and  the  other 
of  glass,  witli  the  stop-cock  of  a  large  vase  filled  with  water. 
The  elastic  tube  was  provided  with  a  valve  near  the  stop- 
cock, wliicb  prevented  the  reflux  of  fluid,  and  Iwtb  were 
fitted  with  tips  of  equalcaliber.  When,  by  alternately  opening 
and  closing  the  stopK-ook,  water  was  allowed  to  flow  into  these 
tubes  iu  an  intermittent  stream,  it  was  found  that  a  greater 
■  (juanlity  was  discharged  by  the  elastic  tube;  but  an  equal 
(jDantity  was  discharged  by  both  tubes  when  the  Bto[>-cock 
was  lell  open,  and  tho  fluid  allowed  to  pass  in  a  continuous 
etream.' 

Tiiia  Bimple  exjieriment  shows  that  not  only  does  the  elas- 
ticity of  the  arteries  convert  tbo  intermittent  current  in  the 
lu'geat  veseels  into  a  current  more  and  more  nearly  contin- 

'  UiUSr,  Cirrfthtion  du  Sang,  Pnris,  1883,  pp.  128,  131. 
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BOUB  as  we  approach  tbe  periplieir,  bat  that  Trbeo  reflux  u 
prevented,  as  it  is  by  the  Bemilnnar  valves,  the  resiliencr  of 
tbe  arteries  aasista  the  circulatioi). 

Contractility  of  the  Arteries. — It  is  a  fiillj  established 
anatomical  fact  that  the  medium-sized  and  smallest  arteriet 
(rontain  contractile  or  muscular  eleinente ;  and  it  ia  also  a 
fact,  proven  by  actual  experiment,  that  as  a  coneeqaence  of 
the  condition  of  these  fibres,  the  vessels  undergo  coneidenblfli 
variation  in  their  caliber.  The  opinions  of  the  older  phiret^ 
elitists  on  this  question  have  only  an  historical  interest,  anl 
vrill  not,  therefore,  be  discussed.  Among  the  more  recent 
ioTestigatioDs  oa  this  subject,  we  have  the  experimentB  of  CI. 
Bernard  and  ScbifF,  which  have  been  repeatedly  continued^ 
showing  that  through  the  nervous  system  the  muscular  ooal 
of  arteries  may  be  readily  made  to  contract  or  bccotne  n 
laxed.  If  Uie  sympathetic  be  divided  in  the  neck  of  a  rab- 
bit, in  a  very  few  minutes  the  arteries  of  the  ear  on  titat  sida 
are  notably  dilated.  If  the  divided  extremity  of  the  bctt* 
be  feebly  galvanized,  the  vesseb  soon  take  on  contraction,  and 
may  become  smaller  than  on  the  opposite  side.  Tliese  expo- 
rinients  demonstrate,  in  the  most  conclusive  manner,  tti«coti' 
tractile  properties  of  the  small  arteries,  and  give  ns  an  idea 
how  the  supply  of  blood  to  any  particniar  part  may  bo  tegt 
lated.  The  vessels  may  bo  most  eflfectnuUy  excited  throo^i 
the  nervous  system ;  and  it  is  ou  account  of  the  diificulty  la 
producing  marked  results  by  direct  irritation,  that  tbe  older 
physiologists  were  divided  on  the  subject  of  their  "  irriti^ 
bility." 

The  contractility  of  the  arteries  has  great  physiological 
importance.  As  their  function  is  simply  to  supply  blood  to 
the  various  tissues  and  oi^ans,  it  is  evident  that  when  the 
vessels  going  to  any  particular  part  are  dilated,  the  soppltf 
of  blood  ia  necessarily  increased.  This  is  particntarly  impor 
tant  in  the  glands,  wliieb,  during  the  intervals  of  seen 
receive  a  comparatively  small  quantity  of  blood.    Bernard 


ooinsAonLir7  of  tbb  .astb&ies. 


has  shown,  by  a  lieautiful  series  of  experiments,  ^liicli  will 
be  more  particularly  alluded  to  on  the  subject  of  eecretion, 
that  galvanization  of  what  be  calla  tlie  motor  nerve  of  a 
gland  dilates  tbo  Tessels,  largely  increaseB  the  supply  of  blood, 
and  induces  Eecretion  ;  while  galvanization  of  the  sympathetic 
tilanieDta  contracts  the  vessels,  diminishes  the  supply  of  blood, 
luid  arrests  secretion.  The  pallor  of  parts  exposed  to  cold, 
and  the  flush  produced  by  heat,  are  due,  oa  the  one  hand,  to 
contraction,  and  on  the  other  to  dilatation  of  the  smsill  arter- 
ies. Pallor  and  blushing  from  mental  emotions  are  examples 
of  the  same  kind  of  action. 

The  ullerior  effects  on  nutrition,  which  result  from  dila- 
tation of  the  vessels  of  a  part,  are  of  great  interest.  When  tlie 
supply  of  blood  ia  much  increased,  as  in  section  of  the 
sympathetic  in  the  neck,  nutrition  is  exaggerated,  and  the 
temperature  is  raised  beyond  that  of  the  rest  of  the  body. 

The  idea,  which  at  one  time  obtained,  that  the  arteries 
were  tlie  seat  of  rhythmical  contractions,  which  had  a  favor 
able  influence  on  the  current  of  blood,  is  entirely  erroneous.' 
It  is  hardly  necessary  to  repeat  that  the  prime  catue  of 
'the  arterial  circulation  ia  the  force  of  the  ventricles,  We 
have  seen  that  the  elasticity  of  the  arteries  produces  a  flow 
during  the  intervals  of  the  heart's  action,  and  the  question 
now  arises  whether  the  force  thus  exerted  is  simply  a  re- 
turn of  the  force  required  fo  exjjand  the  vessels,  which  has 
been  borrowed,  as  it  were,  from  the  heart,  or  is  Eonicthing 
superadded  to  tlie  force  of  the  heart.  The  experiment  of 
Marey,  already  alluded  to,  settles  this  qnestion,  Wlien 
water  was  forced  in  an  intermittent  current  into  two  tubes, 
one  elastic  and  the  other  inelastic,  but  discharging  by  opea- 
iiigs  of  e<jual  size,  by  far  tlie  greater  qnantity  was  discharged 
bv  the  clastic  tube.     A  little  reflection  will  show  how  the 


'  SchilT  has  tiotiMd  rbjftbnlcftl  coDtroctloiui  la  the  superficial  anarits  o 
car  in  the  rabbil,  and  some  other  uiimals ;  but  this  phooomcnoii  ia  e 
tlooal,  uid  the  inaTCmmls  Jo  Dot  appear  to  Citdt  the  cumat  of  b 
(Hius-Editum,  Fhj/iioloyit  tome,  jr.,  p,  217.) 
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action  of  the  elastic  arteries  must  actually  as«et  tbe  circnU* 
tion.  The  resiliency  of  the  vessels  la  eontinnally  preedng  their 
contCDtd  toward  the  periphery,  as  regurgitation  is  rendered 
impossible  by  the  action  of  the  Bemilunar  ralvee.  Tlie  dili- 
tation  of  the  vessels  vntk  each  syefole,  of  coarse,  admits  u 
increased  quantity  of  blood ;  and  it  haa  been  experimentally 
demonstrated,  that  the  same  intermittent  force  exerted  on 
an  inelastic  tube,  will  discharge  a  less  quantity  of  iiqaid 
from  openings  of  equal  caliber. 

Superadded,  then,  to  the  direct  action  of  tho  heart,  wa 
must  recognize,  as  a  cause  iuSuencing  the  flow  of  blood  in 
the  arteries,  the  resiliency  of  the  vessels,  especially  those  of 
large  size,  this  force  being  derived  origuially  from  the  heart. 

Tlins  it  will  be  seen  that  the  arteries  are  constantly  kept 
distended  with  blood  by  the  heart,  and  by  virtue  of  tlwir 
elasticity  and  the  progressive  increase  in  the  capacity  of  this 
system  as  they  branch,  tlie  powerful  contractions  of  tho  cen- 
tral oigan  only  serve  to  keep  np  an  equable  corrcnt  in  tbtt 
capillaries.  The  small  ves&ela,  by  virtue  of  their  coutractila 
walls,  r^nlate  the  distribution  of  the  blood  ;  acting  as  the 
guards  or  sentinels  of  the  proccee  of  nutrition,  and,  in  &ct, 
all  the  numerous  functions  in  which  the  blood  is  concerned. 
Obeying  tlie  commands  transmitted  through  the  sympathetic 
nervous  system,  they  allow  the  passage  to  every  part  of  the 
proper  quantity  of  the  nutritive  fluid  at  the  proper  time. 

Locomotion  of  tJi«  ArU^riis  and  Production  of  the  Pvlte. — 
At  each  contraction  of  the  heart,  the  arteries  are  incn-ased  in 
length,  and  many  of  them  undei^o  a  considerable  locomo- 
tion. This  may  be  readily  observed  in  vessels  which  are 
tortaous  in  their  course,  and  is  freqaenfly  very  marked  in  the 
t«m])oral  artery  in  old  persons.  Tlie  elongation  may  fUso  be 
seen  if  we  watch  attentively  tho  point  where  an  artery  hlftip- 
cates,  as  at  the  division  of  the  common  carotid.  It  is  simply 
the  mechanical  effect  of  sudden  distention ;  which,  while  it 


caliber  of  the'  vesee],  causes  an  elongation 
even  more  marked. 

The  linger  placed  over  an  exposed  artery,  or  one  which 
lies  near  tlio  Burfaee,  experiencea  a  sensation  at  every  lieat 
of  the  heart,  as  thongh  the  veseel  were  Btrikiug  agiiiust  it. 
This  has  long  been  observed,  and  is  called  the  pnke.  Ordi- 
narily it  is  a]>preciated  when  the  current  of  blood  can  be 
Bubjected  to  a  certain  amount  of  obstruction,  as  in  the  radial, 
which  can  readily  be  compressed  against  tlie  bone.  In  an 
artery  imboddod  in  soft  parts,  which  yield  to  pressure,  the 
actual  dihitation  of  the  vessel  being  very  slight,  pnleation  is 
felt  with  difficulty,  if  at  all.  When  obstruction  is  complete, 
as  in  ligation  of  a  vessel,  the  pulsation  above  the  point  of 
ligature  is  very  marked,  and  can  be  readily  appreciated  by 
the  eye,  Tiie  explanation  of  thia  exaggeration  of  tlie  move- 
ment ia  the  following:  Normally,  the  blood  passes  freely 
through  tlie  arteries,  and  produces,  in  the  smaller  vessels, 
very  little  movement  or  dilatation  ;  but  when  the  current  is 
obetrncted,  as  by  ligation,  or  even  compression  with  the 
Soger,  the  force  of  tlie  heart  ia  not  sent  throngh  the  vessel  to 
the  peri[}bery,  but  is  arrested,  and  therefore  becomes  more 
marked  and  easily  appreciated.  In  vessels  which  Lave  be- 
come andilatahle  and  incompressible  troiu  calcareous  deposit, 
the  pulse  cannot  be  felt.  The  character  of  the  pulse  in- 
dicates, to  a  certain  extent,  the  condition  of  the  heart  and 
ve^dfl.  "We  have  spoken,  when  treating  of  the  heart,  of 
the  varying  rapidity  of  tlie  pulse,  as  it  ia  a  record  of  the 
rapidity  of  the  action  of  tliis  organ ;  but  it  remains  for  us 
to  cousider  the  mechanism  of  its  production,  and  its  various 
characters. 

Under  ordinary  circumstances,  the  pulse  may  he  felt  in 
ull  arteries  which  are  ex]josed  to  investigation ;  and  as  it  is 
doe  to  the  movement  of  the  blood  in  the  vessels,  the  prime 
cause  of  its  production  is  tlie  contraction  of  the  left  ventricle. 
The  late  veiy  interesting  esperimentB  of  M.  llarey  have 
shown  that  the  impulse  given  to  the  blood  by  the  heart  is 
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not  felt  in  all  tlie  vessels  at  tlie  same  instant.    Bj-  ingcnloi 
contrivances,  wliieli  will  be  described  farther  on,  this  ob&er\i 
bas  Bucceoded  in  re^&tering  eimuitantouslj  the  impnlse  of 
t1>e  lieart,  the  pulse  of  the  aurta,  and  the  pulse  of  the  feinoi 
arterj.     lie  has  thus  ascertained  that  the  contraction  of  the 
ventricle  in  anterior  to  the  pulsation  of  the  aorta,  and  the 
pulsation  of  the  aorta  precedes  the  pulse  in  the  femoral.' 
This  only  confirmB  the  views  of  other  physiologists,  partictt- 
larly  Weber,  who  described  tliis  progreBsive  retardation  of 
the  pulse  as  we  recede  &oni  tlie  heart,  estimating  the  diffef^' 
ence  between  the  ventricular  sv&tole  and  the  pulsation  of  the 
artery  in  the  foot,  at  one-sei'enth  of  a  second.'     The  observa- 
tions of  il.  iturey  are  particularly  referred  to  as  being  the 
most  conclusive. 

It  is  evident  from  what  we  know  of  the  variations  which 
occur  in  tlie  force  of  the  heart's  action,  the  quantity  of  blood 
in  the  vessels,  and  from  the  changes  which  may  take  place  in 
the  caliber  of  tlie  arteries,  that  the  character  of  the  poke 
must  he  eiihject  to  numerous  variations.  Many  of  these  may 
be  appreciated  simply  by  the  sense  of  touch.  We  find  wri- 
ters treating  of  the  soft  and  compressible  pulse,  the  iiaid 
pulse,  the  wiry  pulse,  the  thready  pulse,  etc.,  aa  indicating 
^■arions  conditions  of  the  circulatory  system.  The  character 
of  the  pulse,  aside  from  its  frequency,  baa  alwaj-s  been  re- 
garded as  of  great  importance  in  disease ;  and  the  variations 
which  occur  in  health  form  a  most  intd'eating  subject  fut 
physiological  inquiry. 


N 


J^onii  of  the  Pulse. — It  is  evident  that  tew  of  the  charoo-l 
ters  of  a  pulsation,  occupying  ss  it  does  but  a  seveatiettil 
part  of  a  minute,  can  he  aacertained  by  the  sense  of  tonch.1 


'SlusT,  Cireulation  da  Sang,  p.  Iti7.  In  an  uticlo  published  in  l)aj 
JoHTiuU  dt  (a  Phi/tiDiogU,  \i69,  loroe  ii.,  p.  SdT,  U*r«;  look  grouod  agtiail  V 
the  progressive  i^lordatioa  of  the  pulse  ia  urieHi's  ranoved  nom  the  hcwt;  bid  A 
in  hU  last  work  the  fact  is  ailajittcd,  snd  teams  provpo  beyond  a  doubt 

*  MiLTiE-EnnAitDs,  Fhyiiologie,  tome  ir.,  p.  ISS. 
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alone.  Tliia  fact  has  been  appreciated  by  pliysiologista ;  and 
within  tlie  last  few  jeare,  in  order  to  accurately  study  this 
important  eobjeft,  instmmenU  for  registering  the  impulBe 
^  fdt  by  the  arterial  eystem  liave  been  construuted,  to  enable 
Lmm^  accurately  analyze  the  dilatation  or  moreinente  of  the 
^^^^Hb.  The  idea  of  such  an  instrument  was  probably  sng- 
^^^Bd  by  the  following  Bin)ple  observation  :  Wlien  the  legs 
^^^^Tossed,  with  one  knee  over  the  other,  the  beating  of  the 
popliteal  artery  will  produce  a  marked  movement  in  the  foot. 
If  we  could  apply  to  an  artery  a  lever  provided  with  a  mark- 
ing point  in  contact  with  a  slip  of  paper  moving  at  a  definite 
rate,  this  point  would  register  the  movements  of  the  vessel, 
and  its  changes  in  caliber.  The  tiret  physiologist  who  put 
this  in  practice  was  Yierordt,  who  constructed  quite  a  com- 
plex instrument,  so  arranged  that  the  impulse  from  an  acces- 
sible artery,  like  the  radial,  was  conveyed  to  a  lever,  which 
marked  the  movement  upon  a  revolving  cylinder  of  paper. 
This  instrument  was  called  a  " sphygmograph,"  The  traces 
made  by  it  were  perfectly  regular,  and  simply  marked  the 
eattremcB  of  dilatation,  exaggerate!,  of  course,  by  the  length 
of  the  lever,  and  the  number  of  pulsations  in  a  given  time. 
The  latter  can,  of  course,  be  easily  estimated  by  more  simple 
means;  and  aa  the  former  did  not  convey  any  very  definite 
physiological  idea,  the  apparatus  was  regarded  rather  aa  a 
cariosity  than  an  Jnatnmient  for  accurate  research. 

The  principle  on  which  the  instrument  of  Vierordt  was 
constmcted  was  correct,  and  it  only  remained  to  construct 
one  which  would  be  easy  of  application,  and  produce  a 
trace  representing  the  shades  of  dilatation  and  contraction 
of  the  vossels,  in  order  to  lead  to  important  practical  results. 
These  indispensable  conditions  are  fully  realized  in  the 
Bphjgmogragh  of  M,  Marey,  to  whose  researches  on  the  cir- 
culation we  have  repeatedly  refciTed.  The  instrument  sim- 
ply amplifies  the  changes  in  the  caliber  of  the  vessel,  without 
deforming  them ;  and  though  its  application  is,  perhaps,  not  so 
easy  as  to  make  it  generally  usefiil  in  practice,  in  the  hands 
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of  Mttrey  it  liaa  given  us  a  definite  knowledge  of  the  phja 
logical  cimracter  of  tlie  puke,  and  ita  modilic&tions  in  o»lain.1 


■pnri;r  undei 


oT  Kan^.    The  ■ppantni  1 


■  Krantr  Bied  oa  Iha  torn 

— ,  i>  direetiv  oror  ihe  nriuL  «ftcnr.    Tbt  m 

,  _  .  .  :nn>riiltl«t  la  ibe  knz  Mid  Hchl  windao  Iprrr  L,  and  neli 
Mrikee  P.  vhiiA  tg  ii»T«d  ■!  ■  Icdowd  nie  bf  tbe  clock-icort  II.  Tbe 
■djmtollhat  themoTenflnUaribe  vumJ  ir  HCantlcIf  mMOed  u 

FlrU.  1880,  tome  Ul.  p°»U.)  ^' 


diseases ;   iiifdrinatioD   whicli  is  exceedingly  desirable, 
could  not  be  arrived  at  by  otber  meaus  of  investigation.    In 
sliorl,  its  mechaDisin  h  so  accnratc  Utat,  wlien  skilfully  tued. 
it  gives  on  ]ia])er  the  actual  '^/rirm  of  thf  p^iW^ 


rable,  and^f 
'alion.    In   ^ 


TUi»  inatrunient,  applied  to  the  radial  artery,  givea  a  1 
trace  very  different  from  that  obtained  by  VieronJt,  wbldi  [ 
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was  simply  a  Beriee  of  regular  elevatious  nnd  depressions, 
A  compariBon  of  the  traees' obtained  by  these  two  observers 
gires  aQ  idea  of  tlie  defects  which  have  been  remedied  by 
Marey ;  for  it  is  evident  that  the  dilatation  :tnd  contraction  of 


(be  arteries  cannot  be  as  regular  and  simple  as  would  be  in- 
ferred merely  from  the  trace  made  by  the  infitrument  of 
Vierordt 

Analyzing  the  traces  of  Marey,  we  see  that  tliere  is  a 
dilatation  foUowing  the  systole  of  the  lieart,  marked  by  an 
elevation  of  the  lever,  more  or  less  sudden,  as  indicated  by 
the  angle  of  the  trace,  and  nf  greater  or  leas  amplitude.  The 
dilatation,  having  arrived  at  its  maximum,  is  followed  by 
contraction ;  which  may  be  slow  and  regular,  or  may  be,  and 
generally  Ia,  interrupted  by  a  second  and  slighter  upward 
movement  of  the  lever.  This  second  impulse  varies  very 
much  in  amplitude.  In  some  rare  iustaneea  it  is  nearly  as 
marked  as  the  tiret,  and  may  be  ajipreciated  by  the  tinger, 
giving  the  sensation  of  a  double  pulse  Ibllowirg  eat-h  con- 
tractiou  of  the  heart.     This  is  called  the  dkrotlo  jmlae. 

As  a  rule,  the  iiret  dilatation  of  the  vessel  is  sudden,  and 
indicJited  by  an  almost  vertical  line ;  tliis  is  followeil  by  a 
slow  reaction,  indicated  by  a  gradnal  descent  of  the  trace, 
which  is  not,  however,  absolutely  regular,  but  marked  by  a 
digbt  elevation  iudicating  a  second  impulse. 

The  amplitude  of  the  trace,  or  the  distance  between  the 
liigtiest  and  lowest  points  marked  by  the  lever,  depends  upon 
the  amotmt  of  constant  tension  of  the  vessels.  Marey  has 
found  that  the  amplitude  is  in  an  inverse  ratio  to  the  tension : 
which  is  very  eafiily  understood,  for  when  the  arteries  are  little 
distended,  the  force  of  the  heart  must  be  more  marked  in  its 
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efiFectfl  tbaii  when  the  iire^Tire  of  l>lood  in  tbem  is  Terj-  gmt. 
Any  circnniBtanee  which  facilitates  the  flow  of  blood  from 
the  arteries  into  the  capillaries  will,  of  cotitBe,  relieve  the 
temioa  of  the  arterial  system,  lessen  the  obstacle  to  the  force 
of  the  heart,  and  increase  the  amplitude  of  the  pnlestion ; 
and  vi(X  versa.  In  snpport  of  tliia  view,  Marej  has  fonixl 
that  cold  applied  to  the  surface  of  the  body,  contracting, 
it  does,  the  smallest  arteries,  increases  the  art«ial 
and  diridnisltes  the  amplitude  of  the  pulsation;  while 
erate  elevation  of  temperature  prodnces  an  oppoeite  effect. 

Id  nearly  all  the  traces  given  by  Marey,  the  deseeDt 
the  lever  indicates  more  or  leas  occillation  of  the  mass  of  blood. 
The  -physical  properties  of  the  lai^r  arteriea  render  thU 
inevitable.  As  they  yield  to  the  distending  influence  of  the 
heart,  reaction  occdts  after  this  force  is  taken  off,  and,  if  the 
distention  be  veiy  great,  gives  a  second  impulse  to  the  blood. 
This  is  quite  marked,  unless  the  tension  of  the  arterial  system 
be  BO  great  as  to  offer  too  much  resistence.  One  of  the  taaet 
&vorable  conditions  for  the  manifestation  of  dicrottsm  is 
diminished  tension,  which  is  always  found  coexisting  with  « 
very  marked  exhibition  of  this  phenomenon. 

Tlie  delicate  instrument  employed  by  Marey  enabled  him 
to  accurately  determine  and  register  these  various  phenomeoa, 
by  observations  on  arteries  of  the  human  subject  and  aninub ; 
and  by  means  of  an  ingeniously  constructed  ^'■ai'hema^  rep- 
resenting the  arterial  system  by  elastic  tubes,  and  the  left  veo- 
tricle  by  an  elastic  bag,  provided  with  valves,  acting  as  a  syp- 
inge,  he  satisfactorily  established  the  conditions  of  teneiotti 
etc,  necessary  to  their  production.  In  this  echemayihe 
tering  apparatus,  simpler  in  construction  than  the  sphygnii 
graph,  could  be  applied  to  the  tabes  with  more  a< 
and  ease. 

He  demonstrated,  by  experiments  with  this  Bystem  of 
tubes,  that  the  amplitude  of  the  pulsations,  the  force  of  tliOi 
central  organ  being  the  same,  is  greatest  when  the  tubes  «« 
moderately  distended,  or  the  tension  of  fluid  is  low,  and  vic§' 
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eertd.  He  demonstrated,  also,  tliat  a  low  tension  favore 
dicrotisrn.  In  this  latter  observation  be  diminished  Uie  ten- 
eion  by  eularging  the  orifices  by  wliich  the  fluid  is  discharged 
from  the  tubes,  imitating  the  dilatation  of  the  small  vessels, 
by  which  the  tension  is  diminiBbed  in  the  arterial  system. 
He  also  demonstrated  that  an  important  and  essential  element 
in  the  production  of  dicrotii»m,  ia  the  tendency  to  oscillation 
of  the  fluid  in  the  vessels,  between  the  contractions  of  the 
heart.  This  can  only  occur  in  fluid  which  has  a  certain 
weight,  and  acquires  a  velocity  from  the  impulse;  for 
when  air  was  introduced  into  the  apparatus,  dicrotism  could 
not  be  produced  under  any  eirciimstances,  as  the  fluid  did 
not  possess  weight  enough  to  oscillate  between  the  impulses. 
Water  produced  a  well-marked  dicrotic  impulse  nnder  favor- 
able circumstances ;  and  with  mercury,  the  oscillations  made 
two,  three,  or  more  distinct  impulses. 

By  these  experiments  ho  proved  that  the  blood  oscillates 
in  the  vessels,  if  this  movement  he  not  Buppreesed  by  iw>  great 
pressure,  or  tension.  This  oscillation  gives  the  successive 
rebounds  that  are  marked  in  tlie  descending  line  of  the 
pulse,  and  is  capable,  in  some  rare  instances,  wLen  tlie  arte- 
rial tension  is  very  slight,  of  producing  a  second  rebound  of 
Bofficient  force  to  be  appreciated  by  tlie  finger.' 

'  Id  treating  of  the  form  of  (lie  pulse,  of  coarae  including  dicrotism,  rrom  ■ 
ptmlf  pbyriologicul  point  of  view,  we  bare  given  an  analf^  of  the  pbjdological 
pmtioo  of  tiie  late  vark  of  Uxrit  {Pkyrialogie  Midicalt  di  la  Oimulatim  du 
Baitff,  Pari*,  18SS).  To  portiona  of  this  work  relBting  to  the  action  uf  the  heart, 
Muada,  «lc-,  we  have  already  referred.  Ma  is  evident  from  our  sketch  of  the 
biStrameati  for  ragUtering  the  pulse,  the  author  referred  to  is  the  onl;  one  who 
bu  produced  a  trace  correctl;  representing  the  Ehadee  of  locomotion  and  dilutadott 
of  the  artorfe*:  and  by  hia  brilliant  and  Ingenious  eipcrlmwits,  which  cannot  be 
too  highly  praised,  he  baa  settled  many  important  points,  and  ^ven  a  pre(ioaB_ 
niMns  of  investigation  to  other  phjgiologlsls.  Be  has  opened  a  new  Geld  tm . 
BtDdf  of  the  pgtbolo^cal  changes  in  tlie  fonn  of  the  pnlse;  btit  before  we 
con  advance  (ai  in  this  direction,  wc  must  become  familiar  with  all  the  modi- 
ficatlant  which  occur  in  health,  an  end  which  as  yet  ia  by  no  means  fully  attained. 
Tlie  coostRictlon  of  a  ephygruogrBph  was  a  problem  of  great  dolioacy,  and  a 
otrlaio  amount  of  practleul  ciperience  witli  the  instrument  bus  convinced  as  of 
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"Witliont  treating  of  tlie  variations  in  tlie  cliaraeter  of  tlie 
palse  in  disease,  dae  to  the  action  of  the  moscolar  coHt,  we 
will  (insider  some  of  the  external  modifying  inflnencee  wliiHi 
pome  within  tlie  range  of  physiology.  The  emalleet  veaaeU 
and  those  of  medium  eize  possess  to  an  eminent  degree  what 
ia  called  tonicity,  or  the  property  of  maintaining  a  certain 
continued  amount  of  contraction.  This  contraction  ib  ant^ 
onlstie  to  the  distending  force  of  the  blood,  aa  is  diown  by 
opening  a  portion  of  an  artery  included  between  two  ligatures, 
in  a  living  animal,  when  the  contents  will  be  forcibly  dis- 
charged and  the  caliber  of  that  portion  of  the  veeeel  very 
much  diminished.  Too  great  distention  of  the  vessels  by 
the  pressure  of  blood  seems  to  Ije  prevented  Ijy  this  coustaut 
action  of  the  muscular  coat ;  and  thns  the  conditiona  are 
maintained  which  give  the  pulse  the  character  we  have  jnst 
described. 

By  excessive  and  continued  heat,  the  muscular  tiseaeoftbe 
arteries  may  be  dilated  so  as  to  offer  leas  resistance  to  the 
distending  force  of  the  heart.  Under  these  eircnmstances, 
the  puke,  as  felt  by  the  finger,  will  he  fonnd  to  be  larger  and 
sotVer  than  normal.  Cold,  either  general  or  local,  has  a  pre- 
cisely opposite  effect ;  the  arteries  become  contracted,  and 
the  pulse  assumes  a  harder  and  more  wiry  character.  TjBaally, 
prolonged  eontraclionof  the  arteries  isiVillowed  by  relaxation, 
as  is  seen  in  the  tiill  pulse  and  glow  of  the  surface  which 
accompany  reaction  after  exposure  to  cold. 

It  has  been  found,  also,  that  there  is  a  considerable  differ- 


Ihe  aixuroc;  of  ro^iilta  to  be  obuined  when  it  is  used  viih  skill  and  euv;  but  th« 
rerj  perTcotion  and  nicety  of  the  instnunent  preecnt  almoel  insaniunuitilil* 
difficalti«9  in  the  wa;  of  Ub  iise  br  the  general  practitianer.  Resoiu,  rtgu'ding 
the  amplitude  of  pulaatjocs  wpcdall;,  sbould  be  nxinvcd  with  great  caalioii,  frotn 
the  exlrcme  difficulty  of  sdjusling  the  lever  bo  as  to  give  the  miKimiua  «f  iba 
icaputee.  It  does  not  appear,  boircTer,  hoir  these  drawbacks  to  the  gtcuml  um 
of  the  instrument  can  be  obviated;  for  its  coastrucLion  Imtm  naihin);  la  b* 
desired,  and  the  dclicacv  of  its  ailiuatmenl,  llhe  that  of  a  fina  balance,  b  ind!*- 
peoBable.     In  the  hands  of  Uarej,  its  results,  we  oonoeiTe,  are  to  be  lUU*  a* 
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ence  in  tlie  caliber  of  the  arteries  at  different  periods  of  the 
day,  T)ie  diameter  of  the  radial  has  been  fonnd  very  much 
greater  in  the  evening  than  in  the  moruing,'  ]irodueing, 
nntnrally,  a  variation  in  the  character  of  the  pulwe.  Wo 
learn  from  these  physiological  variiitionu,  bow  in  disease, 
when  tliey  become  more  considerable,  they  may  givfl 
importaitt  information  with  regard  to  the  condition  of  the 


Pressure  of  Blood  in.  Ote  Arteries. 

The  reaction  of  the  elastic  walls  of  the  arteries  during  the 
intervals  of  the  heart's  action  gives  rise  to  a  certain  amount 
of  constant  pressure,  by  which  the  blood  ia  continually  forced 
toward  tlie  capillaries.  The  discharge  of  blood  into  the  ca- 
pillaries has  a  constant  tendency  to  diminish  this  pressure; 
biit  the  contractions  of  the  left  ventricle,  by  forcing  repeated 
charges  of  blood  into  the  arteries,  have  a  compensating  ac- 
tion. By  the  equilibrium  lietween  these  two  agencies,  a 
certain  degree  of  tension  is  maintained  in  the  arteries,  which 
ie  called  the  arterial  pressure. 

The  tirst  experiments  with  regard  to  the  extent  of  the 
arterial  pressure  were  made  by  Hales  an  English  phjaiolo- 
gist,  more  than  a  hundred  years  ago."  This  observer,  adapt- 
ing a  long  glass  tube  to  the  artery  of  a  living  animal,  ascer- 
tained the  height  of  the  column  of  blood  which  could  be 
enstuned  by  the  arterial  pressure.  In  some  experiments  on 
the  carotid  of  tlie  horse,  the  blood  mounted  to  the  height  of 
from  eight  to  ten  feet.  Ilales  waa  not  fiilly  acquainted  with 
the  influences  capable  of  modifying  the  arterial  pressnre,  and 
bia  estimates  of  the  nonnal  tension  in  these  vessels  were  not 
entirely  correct.  It  ia  now  ascertained  that  the  presstire  in 
the  arteries  will  sustain  a  column  of  about  six  feet  of  water, 
,  OF  6il  inches  of  mercury,  and  is  subject  to  considerable  vari- 

'  UlLStEnWABDa,  op.  at,  tome  iv.,  p.  £22. 

■  iUlu,  Sbaieal  Euayi',  LuniluD,  1733,  vol.  ii.,  Hammtalich, 
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ations,  depending  upon  the  condition  of  tbe  heart  and  v«6- 
Bele,  the  quantity  of  blood,  respiration,  mnacalar  exercise,  etc 
All  experiments  on  the  arterial  pressure  are  made  on  tlio 
principle  of  the  experiment  of  Hales,  which,  with  reference 
simply  to  the  constant  pressure  in  the  arteries,  is  as  usefiil  as 
those  of  later  date,  and  much  more  Btriking.  The  onlj  in- 
convenience is  in  the  maDipuIation  of  the  long  tube,  bnt  ihia 
may  be  avoided  by  setting  it  in  a  strip  of  wood,  when  it  c*n 
be  easily  handled.  If  a  large  artery,  as  the  carotid,  be  ex- 
posed in  a  living  animal,  and 
a  metallic  point,  connected  with 
a  vertical  tube  of  small  caliber 
and  from  seven  to  eight  feet 
long  by  a  bit  of  elastic  tubing, 
be  secured  in  the  vessel,  the 
blood  will  rise  to  the  height  of 
about  six  feet,  and  remain  at 
this  point  almost  stationary, 
indicating  by  a  slight  pulsatile 
movement  the  action  of  the 
heart.  On  carefully  watching  ' 
the  level  in  the  tube,  in  addi- 
tion to  the  rapid  oscillation  co- 
incidentwiththe  pulse,fti]other 
oscillation  will  be  observed, 
which  ia  less  frequent,  : 
which  corresponds  with  the  I 
movements  of  respiration.  The  1 
pressure,  as  indicated  by  ui 
UrinodiMUMHiirtjr  gi  poiMnnK  modiarf    elcvation  of  the  fluid,  ia  sUght- 

!/yLni1wlir,8p™ir1«r,iDaVi1(Dlio.     The     ,         .  ,       .      .     '  . 

]j«irum™i  ii  MntKCKd  "iiii  tie  rpiKi    |y    mcTeased    dunng    expirs-   , 
tion'ii  uoi  iniOTopijd.  Tb*  eicrMiflo of  tlou,  and  diminiahod  dariiur 

'  In  ill  the«c  eipeiimentl  od  tbe  irteriBl  or  i-arliu! 
lo  fill  pkTt  of  ibe  tube,  or  whilcTei  appaniliu  w 
boDkU  of  tods,  in  order  to  prevent  conguUtion 


f  ma)'  lue,  wilh  t  Bolation  of  m 


4ETEEIAL  PBRSfiUBE. 


The  ex]ieriment  with  the  long  tube  gireeoB  the  best  idea 
of  the  arterial  pressure,  whicli  will  be  found  to  vary  from  five 


a  half  to  si 


f  blood, 


or  a  few  inches  more  of  water. 
The  oecillationa  produced  by 
the  contractionsof  the  heart  are 
Dot  very  marked,  oa  accOHOt  of 
the  immense  friction  in  so  long 
a  tube ;  but  this  ia  favorable  to 
tlio  study  of  the  constant  press- 
ure in  the  arteries.  It  has  been 
found  that  the  estimates  above 
given  do  not  vary  very  much 
in  animals  of  different  sizes. 
Bernard  fount!  the  pressure  in 
the  carotid  of  a  horae  little 
more  than  in  the  dog  or  rab- 
bit. In  the  larger  animals  it 
is  the  force  of  the  heart  which 
ffl  increased,  and  not  to  any 
considerable  extent  the  con- 
etant  pressure  in  the  vessels.'  ' 
The  experiments  of  Halea 
were  made  with  a  view  of  caJ- 


^a 


Iron  tobe,  vllb  a 


nentei,  T,  by  vhldi  Uia 
ic  ai  or  the  Irun  tobr 


and  were  not  directed  particu- 
larly to  the  conditions  and  va- 
riations of  the  arterial  pressure. 
It  is  only  since  the  experiments 
performed  by  Poieeuille  with 
the  f,(Miviihjnamometer,  In  1838, 
that  we  have  any  reliable  data 
on  this  latter  point.'  Poiseuille's  instrument  for  measuring 
the  force  of  the  blood  is  a  simple  graduated  U  tube,  half 

'  Bmu*D,  Zii/Hiifrt  dt  TOrijanvaAe,  Pans,  1S59,  tome  i.,  p.  ITS. 

•  FounTLLR,  BetlirTchr*  tar  la  Fotm  dv  C<t«r  Aarliqiu,  Puris,  18£B. 


ffi 


■h  huftollbfTcf  from  T>f  lolirfmnizieb. 

bottls  U  nUcd  Klili  meieiuy  nnlft  It 
I  to  n'  In  (ho  tube  wblcb  li  aHked  O. 

airk  l«  |Hirfi>ml«J  bj  the  tnbe  i,  whEok 
liUMlcd  bta  nihbra-tiilnirlUiltuipAlnt 
rh)cb  li  iDImlimrl  Inlo  lbs  TtsieL 
nn-KO,  Ui/kMh  dt  rorgaaiiBUi  firit. 
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filled  with  nierc-nry,  with  one  aim  bent  at  a  rigJit  angl4^,  so 
that  it  can  ensilv  be  connected  with  the  arterj-.     The  yrea^ 
nre  of  the  blood  is  Indicated  by  a  depresgion  in  the  level  of 
the  mercun'  on  one  side,  and  a  corresponding  eleratioo  c 
the  other. 

This   instmnient   is  generally  cooBidered   i 


grest  advaotages 
over  the  ]i>ng  glav 
tnhe;  hut  for  esti- 
mating simply  the 
arterial  presBore,  it 
iamochlesaoeefiil, 
aa  it  is  more  senai 
tive  to  the  imimlse 
of  the  heart.  For 
the  study  of  tbe 
cardiac  preeen  re,  it 
has  tlie  disadvan* 
tage,  in  the  fitst 
place,  of  con«d«- 
able  friction ;  and 
again,  the  vre^t 
of  tlie  column  of 
mercnry  prodocca 
an  extent  of  o«illa- 
tton  by  i  l6  mere  im> 
petna,  greater  than 
that  nrliich  would 
actually  repreecat 
the  force  of  tba 
heart,' 

An    important 
improvement     in 


'  LgilwTg  dcriwd  a  mcani  oT  ngiiterfng  (lie  codlUlioD  in  thi  faoaiarf^ 
DUDinnrlFr  of  Pmteiiillc.  Be  wcd  •  l*  tube  of  coaiiil«««lile  nie,  and  pbnd  • 
Boil  OD  tbc  vorfice  of  the  menury,  (o  vbidi  ■  p«odl  wu  atUched    The  pdM 


i 
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tlie liffimodynamometer  was  made  by  Magenilie.  This  ap- 
paratna,  the  cardiomeUr,  in  which  Bernard  lioa  made  some 
important  modtH cations,  la  the  one  now  generally  need.  It 
consists  of  a  small  but  thick  glass  bottle,  with  a  fine  graduated 
glas  tube  about  twelve  inches  in  length,  communicating 
with  it,  either  through  the  stopper,  or  by  an  orifice  in  the  side. 
Tlie  stopper  is  pierced  by  a  bent  tube  which  is  to  lie  connected 
with  the  blood-vessel.  The  bottle  is  tilled  with  mercury  so 
that  it  will  rise  iu  the  tube  to  a  point  which  is  marked  zero. 
It  is  evident  tliat  the  amount  of  pressure  on  the  mercury  in 
the  bottle  will  be  indicated  by  an  elevation  in  the  graduated 
tube ;  and,  moreover,  from  the  fineness  of  the  column  in  the 
tube,  we  avoid  some  of  the  inconveniences  which  are  due  to 
the  weight  of  mercury  in  the  Iiemodynaraometer,  and  also 
have  leea  friction, 

Tliis  instrument  is  appropriately  called  the  cardtometer, 
as  it  indicates  most  accurately,  by  the  extreme  elevation  of 
the  mercury,  the  force  of  the  heart;  but  it  ia  not  as  perfect 
in  its  indications  of  the  mean  arterial  pressure,  as  in  the  ab- 
rtipt  descent  of  the  mercury  during  the  diastole  of  the  heart, 
tlie  impetus  causes  the  level  to  fall  considerably  below  the 
real  standard  of  the  constant  pressure.  Marey  has  succeeded 
iu  correcting  this  difficulty  in  what  he  calls  the  "  compensat- 
ing" instrument ;  wliich  is  constructed  on  the  Jbllowing  prin- 
ciple: Instead  of  a  simple  ghiss  tube  which  comuiunicatea 
with  the  mercury  in  the  bottle,  as  in  Magendie's  cardiometer, 
lie  has  t.vo  tubes :  one  of  which  is  like  the  one  already  describ- 
ed, and  represents  oscillations  jiroduced  by  the  heart;  the 
other  is  larger,  and  has  at  the  lower  part  a  constriction  of 
the  caliber  which  is  there  reduced  to  capillary  fineness.  This 
tabs  is  designed  to  give  the  mean  arterial  pressure.     The 


of  the  pencil,  brought  la  contact  vith  &  nrolvEDg  cylinder  coTcretl  with  paper, 
producvd  >  trace  of  the  osdIUtions.  By  uulfug  of  Uiie  tnce  he  nrrircd  U  tbe 
Btcau  presauro  in  the  irtcrieB.  This  inslrument  wm  cxllixl  4hc  kymegraphion.  Il 
huj  never  K-eii  mnch  used  in  invutlgadon,  wd  ii  enUrel;  superaeded  by  the  eax- 
IT  of  the  prcaeni  da;. 
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constriction  in  the  tube  offers  each  an  obetsde  to  the  riee  of 
the  mercury  that  the  iutermittent  action  of  the  heart  is  not 
felt,  the  niertniry  rising  slowly  to  a  certain  level,  which  is  «m- 
etant,  and  varies  only  with  the  constant  pressure  in  the  reaela. 

We  have  only  an  approximative  idea  of  the  average  prees- 
nre  in  the  arterial  system  in  the  human  subject,  deduced  from 
experiments  on  animals.  It  has  already  been  Etated  to  be 
equal  to  about  six  feet  of  water,  or  eix  inches  of  mercnry. 

The  most  interesting  qnestions  connected  with  this  sub- 
ject are :  the  comparative  pressure  in  different  parts  of  the 
arterial  system,  the  influences  which  modify  the  arterial  prese- 
ure,  and  its  influence  on  the  pulse.  These  points  have  all 
been  pretty  fully  investigated  by  experiments  on  animals,  and 
on  systems  of  elastic  tabes  arranged  to  represent  the  vesselfl. 

Pressure  in  Different  Parts  of  the  Arterial  Systen. — 
The  experiments  of  Hales,  Poiseuille,  Bernard,  and  oth^s, 
seem  to  show  that  the  constant  arterial  pressure  does  not  vary 
in  arteries  of  different  sizes.  These  pbysioli^ista  have  ex- 
perimented particularly  on  the  carotid  and  crural,  and  have 
found  the  pressure  in  these  two  vessels  about  the  esnte. 
From  their  experiments,  they  conclnde  that  the  foroo  is 
equal  in  all  parts  of  the  arterial  S3:stem.  The  experiments  of 
Volkmann,  however,  have  shown  that  this  conclusion  has  been 
too  hasty.  With  the  registering  apparatus  of  Ludwig,  be  bat 
taken  the  pressure  in  the  carotid  and  metatarsal  arteries,  and 
has  always  fomid  a  considerable  difference  in  favor  of  the 
former.'     In  an  experiment  on  a  dog,  he  found  the  pressure 

'  For  comparing  the  preBsore  in  dI9<3«nt  rrmdi  ind  in  dUtaait  (jaimila, 
Bernard  hu  devised  m  InstrunieDt  which  he  tMa  the  di^crfHtiatJiivmJifmam^ 
melrr.  It  cocaUu  ot  ■  graduated  0  tube  ao  arranged  that  both  unu  ma*  be 
Bunlitlancouflv  conneclcd  with  eeparate  Teuels.  If  ttie  preaanre  be  equal  in  Ifat 
two  Tcsself  nith  which  It  ia  conoected,  the  Wei  of  the  mercnrv  will  not  be  aAek 
rd :  but  an  iDequuiitj  of  pressure  will  be  marked  bj  a  dopreuion  of  the  mtKttJ 
ia  the  ann  correspondiiig  to  the  ressel  {□  wluch  the  pr««iif«  b  the  mon  pmrtn 
fiiL  Wiih  Uiis  iDfilnimcat,  Beniard  aunme*  to  have  demonatiaicd  that  tb*  «n^ 
•tant  preuure  ia  equal  In  all  paitd  of  tho  artctial  ajitcm,  the  foice  ot  tlw  bNl^ 
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eqaal  to  173  millimetres  hi  the  carotid,  and  1C5  mm.  in  the 
metatarsal.  In  an  experiment  on  a  calf,  the  pressure  waa  116 
mm.  in  the  carotid,  and  89  mm.  in  the  mutatareal ;  and  in  a 
rabbit,  91  mm.  in  the  carotid,  and  86  mm.  ia  the  cniral.' 

Theee  esperimenta,  which  seem  to  have  been  performed 
with  great  care,  show  that  the  pressure  is  not  absolutely  the 
same  ia  all  parts  of  the  arterial  system  ;  that  it  is  greatest  in 
the  arteriiL-s  nearest  the  heart,  and  gradually  diminislies  as 
■we  near  the  capillaries.  The  difference  is  very  slight,  ahnnst 
inappreciable,  uutil  we  eomo  to  vessels  of  very  small  size ; 
but  here  the  pressure  is  directly  Influenced  by  the  discharge 
of  blood  into  the  capillaries. 

Tlie  cause  of  this  diminution  of  pressure  in  the  smallest 
vessels  ia  the  proximity  of  the  great  outlet  of  the  arteries,  the 
capillary  sj-stein ;  for,  as  we  shall  see  further  on,  the  flow  into 
the  capillaries  has  a  constant  tendency  to  diminish  the  press- 
ure in  the  arteries.  It  is  obvious  th.it  this  influence  can  only 
be  felt  in  a  very  marked  degree  in  the  vessels  of  smallest  size,' 

Injluetiee  of  Respiration. — It  is  easy  to  see,  in  studying 
the  arterial  pressure  with  any  of  the  instruments  we  have 
described,  that  there  is  a  marked  increase  with  expiration, 
mud  a  diminution  with  inspiration.  The  fact  tliat  expiration 
will  increa^  the  force  of  the  jet  of  blood  from  a  divided 
artery  has  long  been  observed,  and  accords  perfectly  wifi  the 
above  statement. 

ttalj,  (Umiiusbing  in  the  aroktlEr  vesscla,  T\\e  inalniEUCDt  by  no  meana  posscssw 
Uie  deliutcj  of  the  ippantus  used  by  VDlkmann,  !□  fpriog  the  mean  pressure. 
{Ligvida  de  F  OrgajHOnt.  lomu  i.,  p.  SOS  tt  uq.) 

'  MjLJii-EDw*»Dii,  ep.  eit,  tome  iv.,  p.  234. 

*  This  view  U  fully  ausUiued  by  physical  Una.  If  0uii9  bo  dlschni^od  from  a 
NWTToIr  by  k  long  barizootiJ  tube  of  uniform  caliber,  the  pressure,  us  I'mllcaled 
tt;  veniciil  tubes  at  diifereat  points,  vill  be  found  to  dimiiiish  reguliuiy  from  ths 
bigUt  of  the  fluid  in  Ibc  reBerroir  to  the  oriSce  of  discharge,  ia  Insirument  of 
this  kind,  which  is  called  >  piaomeltr,  sbons  the  apporcat  pliysical  necesutj 
of  B  pto^rcBuiie  diminution  in  preesurc  in  the  arlorial  system,  m  we  pus  fhnntlio 
be»ri  to  the  capiUuics. 
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In  traoqail  respiration,  tlie  inSuence  npon  die  flow  of 
blood  is  due  &iiiip]y  to  the  toecbanical  action  ol'  the  tboniL 
With  every  iospiratton  the  air-cells  are  enlarged,  as  well 
the  hlood-vesseU  uf  the  lun^;  the  iiir  rushes  in  tiirongh  th* 
trachea,  and  the  moveiueot  uf  the  blood  in  the  reiiis  near  the 
chest  ii  accelerated.    At  the  eaine  time  the  blood  in  the  arteriet 
is  somewhat  retarded  in  its  flow  from  the  thorax,  or  at  least 
does  not  feel  the  expulsive  inflneuce  which  follows  witli  the  act 
of  expiration.    The  mean  of  tlie  arterial  preesore  at  tliat  t 
is  ut  its  minimQUL     With  the  expinitorj  act,  the  air  is 
pelled  by  compression  of  the  luji^  the  flow  of  blood  ioui 
thorax  by  the  TeiuE  is  retarded  to  a  certain  extent,  whila  tbe 
flow  of  blood  into  tbe  arteries  is  favored.     This  is  strikh^jr 
exhibited  in  the  augmented  force,  with  expiration,  in  the  jet 
from  a  divided  artery.     Under  these  circumstances  the  ort^ 
rial  pressure  is  at  its  maximum. 

Id  perfectly  tranquil  respiration,  the  changes  due  to  to- 
spiratioD  and  expiration  are  very  slight,  marked  by  a  (KflllP- 
cQce  of  not  more  than  half  an  inch  to  an  inch  in  the 
diometer.  When  the  respiratory  moveineiits  are  exaggerated, 
the  oscillations  are  very  much  more  marked. 

InterruptioD  of  respiration  is  followed  by  a  very  great  ia- 
crease  iu  tbe  arterial  [ireeenre.  This  is  due,  not  to  i;aiuea 
within  the  chest,  but  to  obstruction  to  the  circulation  in  tbe 
capillaries.  We  are  already  aware  of  tbe  inflaence  which 
the  flow  of  blood  into  tbe  capillaries  ia  conMantly  excrtiog 
upon  the  arterial  pressure.  This  tendency  to  dimini^  tbe 
qnantity  of  blood  iu  tbe  arteries,  and  consequently  tlw 
pressure,  is  constantly  counteracted  by  the  blood  sent  into 
the  arteries  by  the  contractions  of  tbe  heart.  In  inteiruptioa 
of  tbe  respiratory  function,  the  non-aerated  blood  payees  into 
tile  artetu^  hat  refuses  to  pass  throogb  the  capillaries ;  and 
a»  a  consequence,  the  arteries  are  abnormally  distended,  and 
the  arterial  pressure  is  enormously  increased.  If  respiration 
be  permanently  arrested,  the  arterial  preesorc  becomes,  after 
A  time,  diminished  below  tlie  normal  standard,  and  ultitnatfr 


ABTEBIAL   rBESaUBE,  2tJ9 

ly  abulislied,  on  Bccoiint  of  tlie  stoppage  of  the  action  of  the 
heart.  If  respiration  be  resumed  befuru  the  beart  has  become 
arrested,  the  pressure  soon  returns  to  its  normal  standard. 

Huscalar  effort  considerably  increases  the  urterial  press- 
ure. This  is  due  to  two  causes.  In  the  first  place,  tlie  chest 
ie  generally  com]ires8ed,  favoring  the  flow  of  blood  into  the 
great  vessels.  In  the  aecond  place,  muscahir  exertion  pro- 
daces  a  certain  amount  of  obotruction  to  the  discfiarge  of 
blood  from  the  arteries  into  the  capillaries.  Numerous  ex 
periineuts  upon  nuimals  have  shown  a  great  increase  in  pres^ 
UTB  in  the  struggles  which  occur  duriug  severe  operations. 
Bernard  has  shown  that  galvanization  of  the  sympathetic  in 
the  neck  and  irritation  of  some  of  the  cerebro-spinal  nerves 
increase  the  arterial  pressure,  probably  from  their  effects  on 
the  muscular  coats  of  some  of  the  arteries,  causing  them  to 
contract,  and  tbereby  diminishing  the  total  capacity  of  the 
■rterial  system.' 

j5Jfecte  of  Ilemorrluige. — Diminution  in  the  quantity  of 
bloud  hna  a  reauirkable  eftect  upon  the  arterial  prcssuro.  If, 
in  connecting  the  instrument  with  the  arteries,  we  allow  even 
one  or  two  jets  of  blood  to  escape,  the  pi-essnre  will  be  found 
dimiuiehed  perhaps  one-half,  or  even  more.  It  is  hardly  neces- 
eary  to  discuss  the  mechanism  of  the  effect  of  the  loss  of  blood 
on  tlie  tension  of  the  vessels,  but  it  is  wonderful  how  soon  the 
preeenre  in  the  arteries  regains  its  normal  standard  at\er  it  has 
been  lowered  by  hemorihage.  As  it  depends  upon  the  quan- 
tity of  blood,  as  soon  as  tlie  vessels  absorb  the  serositics  in  Bof- 
fiuient  quantity  to  repair  the  loss,  the  pressure  is  increased. 
This  takes  place  in  a  very  short  time,  if  the  loss  of  blood  be 
not  too  great. 

Experiments  on  the  arterial  pressure  with  the  cardiometer 
have  Teriiied  the  fact  statediu  treating  of  the  form  of  the  pulse, 
namely,  that  the  pressure  in  the  vessels  bears  an  inverse  ratio 
to  the  distention  produced  by  the  contractions  of  the  heart 

I  BuKAUi,  LUpiidim  -it  ."Onpnunu,  P&rla,  ISSO,  tome  t.,  p.  341,  fl  ttq. 
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In  the  cardionietcr,  tlie  mciui  heigbt  of  Uie  mercurf  iadicata 
the  constant,  or  arterial,  pressare,  and  the  oecillationa,  the 
distention  produced  tiy  the  heart.  It  is  found  that  wh^n  the 
pressure  is  great,  the  esteot  of  osci!lation  is  amatl,  and  dct 
versd.  It  will  be  remembered  that  the  researches  of  Marey 
demonstrated  that  an  increafle  of  the  arterial  preesnre  dimin- 
ishea  the  amijlitude  of  the  pulsations,  as  indicated  \>y  the 
Eph;gmogra]>h,  and  that  the  amplitude  is  very  great  when 
the  pressare  is  slight 

It  is  also  true,  as  a  general  rule,  that  the  force  of  the  bewt, 
as  indicated  by  the  cardiometer,  bears  an  inverse  ratio  to  tbe 
frequency  of  its  pulsations. 

Sujnmart/. — The  arterial  preeeurc,  due  to  the  distentioo 
of  the  arteries,  and  the  reaction  of  their  elastic  walla  oontiii- 
ually  forcing  the  blood  toward  the  capillaries,  is  equal  to 
about  six  feet  of  water  or  six  inches  of  mercury.  It  is  in- 
creased by  any  thing  which  favors  the  flow  of  blood  into  tlie 
great  vessels,  like  the  expiratory  act,  or  by  any  thing  which 
obetructe  the  flow  from  the  arterioles  into  the  capillaries, 
like  muBcnlar  effort,  contraction  of  the  inascular  coat  of  the 
smallest  arteries,  or  non-aeration  of  the  blood.  It  is  dimin- 
ished by  any  considerable  diminution  in  the  qaantitr  <^  the 
circulating  fluid,  or  by  any  thing  which  facilitates  the  pwsage 
of  blood  through  tbe  capillaries. 


I 


Jiapidlty  of  tlie  Current  of  £lood  in  the  Arterim. 

Though  this  is  not  a  question  of  great  physiolt^cal  im- 
portance, it  is  a  point  of  some  interest.  It  has  long  engaged 
the  attention  of  physiologists,  and  has  lately  bceo  made  the 
subject  of  some  curious  and  ingenious  experiments.  Fubii^ 
over  the  speculations  and  calculations  from  imperfect  ])hy%i- 
cal  data  of  the  older  physiologists,  which  led  to  no  detinite 
reeults,  we  find  the  first  experiments  on  this  subject  made  by 
Volkraann,  «-ith  an  instrument  called  the  hcimdromomeUr, 
This  apparatus  consists  of  a  U  tube,  graduated,  and  eo  to- 
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ranged  that  wlien  the inatraraeiit  is  connected  «itli  tbo  artery 
ot'  a  living  animal,  the  current  may  Ije  instantaneonsly  di- 
rected tlirough  the  graduated  tube,  and  hy  a  stop-watcli,  tlie 
Iciigtb  of  time  occupied  in  passing  from  one  extremity  to 
the  other  accurately  measured.  Observations  with  this  in- 
atniinent,  on  the  rapidity  of  the  circulation  in  tbo  carotid  of 
the  dog  and  horse,  show  that  the  blood  moves  at  tlie  i^Ui  of 
&otn  10  to  13  incbea  per  second.  The  rapidity  is  diminbh- 
ed  ID  the  smaller  vessels,  being  but  3'2  inches  per  second  in 
the  metatarsal  artery  of  a  horse,  and  10  inches  in  the  carotid.' 

The  results  thus  obtained  cannot  be  received  as  absolutely 
exact.  The  blood  is  diverted  from  its  natural  conree,  and 
most  experience  a  certain  diniiuution  in  veloiaty  from  the 
carves  in  the  tubes.  It  is  also  evident  that  the  normal  cur- 
rent is  not  uniform ;  that  it  is  much  more  rapid  immediately 
after  the  systole  of  the  heart,  than  during  the  diastole ;  and, 
•s  haa  been  demonstrated  by  Marey,  the  blood  in  the  arteries 
undergoes  a  certain  oscillation.  The  e-xperiraenta  of  Volk- 
raanii  give  an  approximative  idea  of  the  mean  rapidity,  it  is 
tree,  but  they  ai-e  I'ar  from  exhibiting  the  natural  current,  with 
the  variations  corresponding  to  the  movements  of  the  heart. 

A  few  years  later  (1S5SJ,  an  instrument  was  devised  by 
Vierordt,  wbicli  seemed  to  embody  the  right  principle,  but 
it  was  not  su^ciently  sensitive  to  accomplish  all  tliat  was  dc- 

'  Tlie  eipcriments  of  Yolkmann  and  Hutlcnbc^m,  pitblbbeJ  in  1810,  are  re- 
AxTfil  to,  ui>)  tbe  itutnimcat  described  »ad  Hcliaeated,  in  inoet  irorks  on  plijsiot 
ogT.  Wfacn  tlio  ioatnuuent  u  5rsl  couoected  with  the  truxj,  the  btood  puisca 
(brongb  a  slnuglit  tube,  ind  ia  not  devUtod  from  iu  course.  The  cuireBi  is 
(litccted  iuto  the  gnduatcd  U  tube  bj  tno  BtopnKickH  wliiub  ore  arruiged  eo  thnt 
th«7  nil}  be  turaeil  ^multuieaust]-.  Before  it  a  applied,  the  npporatui  is  filled 
with  Harm  water,  bo  aa  to  prcTeot  the  cntratico  of  sir  into  tbe  vcsseli. 

Tbe  folloirltig  ara  tliG  rasulU  obl^ned  b;  Volkmalili  in  expcrimeula  on  dog* 


In  the  dog,  i^rotiil 

ia.  do.        ....       13 

In  the  hone,  carotid    ....         Id 

do.  iDctatdraol  artery      .        .  2 

— Losan,  Train  dt  Fh^hlcgir,  I'ari 


lO'T  inches  per  second. 
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ure<L  It  consisted  of  a  little  square  box  mode  of  glass,  wUIi 
an  opening  at  each  end,  by  which  it  was  tg  be  connected  with 
the  artery.  Tliis  is  filled  with  water,  and  ooAtains  a  ptndo' 
lum,  which  is  struck  by  the  current  of  blood.  Tlie  deriationa 
of  the  pt-ndalum  are  marked  on  a  scale.  After  this  ha* 
been  apphed  to  an  artery,  and  the  extent  of  luovemtiat  of 
the  ])eudulum  noted,  it  is  removed  from  tlie  veesd  atid  con- 
nected with  an  elastic  tube,  in  wliich  a  current  of  water  )» 
mode  to  pass  with  a  degree  of  rapidity  which  will  prodooa 
the  same  deviation  as  occurred  when  the  inBtrumcnt  was  voa- 
nected  with  the  blood-vessel.  Tlie  rapidity  of  tlie  carreat  ia 
this  tube  may  be  easily  calculated  by  receiving  Uie  fluid  in  a 
gmdaatcd  vessel,  and  noting  Uie  time  occupied  in  dischai^ 
ing  a  given  quantity.  By  this  means  we  ascertain  tho 
rapidity  of  the  current  of  blood.  By  means  of  a  needte 
attiiched  to  the  pendulum,  the  oscillations  could  bo  regis- 
tered on  a  revolving  cylinder  of  jwper,  and  the  meao  vdocity  , 
taken. 

With  this  inatrnment,  Vierordt  estimated  tho 
city  of  blood  in  the  carotid  at  10-2  inches  per  second.  Chan- 
vcnu,  who  iuvcnte<l  un  instrument  which  wo  will  describe 
presently,  found  the  instrument  of  Vierordt  not  suffici«atljr 
acnsitivo,  and  requiring  so  much  care  and  precaution  in  its 
use  as  to  essentially  dimini^rh  tbc  value  of  its  resolts. 

Tbe  best  instrument  for  measuring  the  rapidity  of  the 
circulation  in  tho  arteries  was  devised  by  Chauvean,  of  tliej 
Veterinary  School  at  Lyons."     Tliis  will  give,  by  calc 
lion,  the  actual  mpidily  of  the  circulation ;  and,  what  is  loot 
interesting,  it  marks  accurately  tho  rapid  variations  in 
city,  with  reference  to  the  heart's  action. 

The  instrument  to  be  applied  to  the  carotid  of 
horse  consists  of  a  thin  bra^  tube,  about  1^  inch  in  te 
and  of  the  diameter  of  the  artery  (about  j  of  an  inch),  whidi  isl 

'  UU.  Jk.  CiuiTTUC,  0.  Bocrobn  vi  h.  LtnonxxK,  Vdn—  4t  (■  On 
dant  let  AHh-M  du  CKnoL-~J<mnua  dt  la  PAgtioIcfit,  Pui*,  ISSO^  UacSUfl 
p.  PBO. 
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jirovided  with  au 
ifliloiig  longitudi- 
nal oi)eriing,  or 
window,  near  tbe 
middle,  abouttwo 
lirie&Ion^BndoDe 
line  wide.  A 
|iiece  of  tluii  tuI- 
canized  rubber  ia 
wound  around  the 
tulie,  and  liniily 
lied,  so  aa  to  cov- 
tT  this  opening. 
TiiroagU  a  traiis- 
v«i«e  dit  ill  tie 
ruliber  is  intro- 
dnoodavoryliglit 
ojetalliti  neetllc,cii<iti.«i 
an  inch  and  a  half  iub«  iu 
LnlcngUi,ftndflat-  .iluuu 
tened  at  its  lo^v^er  pnrt. 


r^ 


■  l(Unl  tubii  lor  U 


This 


sitv.i/de^isd. 

made  to  project  aWut  half 
way  into  the  caliber  of  the  tube.  A  flat  eeuiicircular  piece 
of  metal,  divided  into  hu  arbitrary  scale,  ia  attached  to  the 
tube,  to  indicate  the  deviations  of  the  point  of  the  noeiile. 

Tim  apparatus  is  introduced  carefully  into  the  carotid  of 
a  boree,  by  making  a  elit  In  the  vessel,  introducing  first  one 
end  of  the  tube,  directed  toward  tbe  heai-t,  then  allowing  a 
little  blood  to  enter  the  instrument,  so  as  to  expel  the  air, 
and,  when  full,  introducing  the  other  end,  eecuring  tiie  whole 
by  ligatures  above  and  below. 

Wiieii  the  circulation  is  arrested,  the  needle  should  be 
vertical,  or  mark  zero  on  the  scale.  Wlien  the  flow  is  estab- 
lished, a  deviation  of  the  needle  occurs,  which  varies  in  extent 
with  tJie  rapidity  of  the  current. 

Having  removed  all  pi-essuro  from  the  vessel,  so  as  to  al- 
low tbe  cnrrent  to  resume  its  normal  character,  the  deviations 
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of  the  needle  are  carefully  noted,  as  they  occur  with  the  sys- 
tole of  the  heart,  with  the  diastole,  etc.  After  withdrawing 
the  instrument,  it  is  applied  to  a  tube  of  the  size  of  the  wa- 
tery, and  we  measure  the  rapidity  of  the  current  required  to 
cany  the  needle  to  the  points  noted,  which  may  be  done  by 
the  same  calculation  used  in  graduating  the  apparatns  of 
Yierordt.* 

This  instrument  is  on  the  same  principle  as  the  one  con- 
structed by  Vierordt,  but  in  sensitiveness  and  accuracy  i 
much  superior.  In  the  hands  of  Chauveau,  the  results,  pa^ 
ticularly  those  with  regard  to  variations  in  the  rapidity  of 
the  current,  are  very  interesting. 

Rapidity  of  the  Current  in  the  Carotid, — ^It  has  been 
found  that  three  currents,  with  different  degrees  of  rapidity, 
may  be  distinguished  in  the  carotid : 

1.  At  each  ventricular  systole,  we  have,  as  the  average 
of  the  exi)eriments  of  Chauveau,  the  blood  moving  in  the 
carotids  at  the  rate  of  twenty  -^  inches  per  second.  After 
this  the  rapidity  quickly  diminishes,  the  needle  returning 
quite  or  nearly  to  zero,  which  would  indicate  complete 
arrest. 

2.  Immediately  succeeding  the  ventricular  systole,  weliave 
a  second  impulse  given  to  the  blood,  which  is  synchronous 
with  the  closure  of  the  semilmiar  valves,  the  blood  moving 
at  the  rate  of  eight  -jV  inches  per  second.  This  Chauveau 
calls  the  dicrotic  impulse. 

3.  After  the  dicrotic  impulse,  the  rapidity  of  the  current 
gradually  diminishes,  until,  just  before  the  systole  of  the 
heart,  it  becomes  almost  nil.  The  average  rate  after  the  di- 
crotic impulse  is^f^  -f^  inches  per  second. 

These  experiments  give  us,  for  the  lirst  time,  correct  no- 
tions of  the  rapidity  and  variations  of  the  flow  of  blood  in 
the  larger  vessels ;  and  it  is  seen  that  they  correspond  in  a 

'  In  graduating  the  apparatus,  ChauTeau  uses  warm  water.    It  would  be 
more  accurate  to  use  dcfibrinated  blood,  or  a  fluid  of  equal  densitj. 
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remarkable  degree  with  tlie  experiments  of  Marcy  on  the 
form  of  the  pulse.  Marey  showed  that  there  Is  a  majkeil  os- 
ciUation  of  tlie  blood  in  the  veBsels,  due  to  a  reaction  of  their 
dflstic  walls,  following  Uie  iirst  violent  distention  by  the 
licurt ;  tliat  at  the  time  of  closure  of  the  semilunar  valves,  the 
arteries  experience  a  second,  or  dicrotic,  distention,  much  less 
than  the  first ;  and  following  this,  there  is  a  gradual  decline 
in  the  distention  until  the  minimum  is  reached.  Chauveau 
ehowa  by  experiments  with  his  instrument,  that  correspond- 
ing to  the  first  dilatation  of  the  vessels,  the  blood  moves  with 
immense  rapidity;  following  this,  the  current  suddenly  be- 
comes nearly  arrested ;  this  is  followed  by  a  second  accelera- 
tion in  the  current,  less  than  the  first;  and  following  this  wc 
liRve  a  gradual  decline  in  the  rapidity  to  the  time  of  the  nexl 
pulsation. 

Jiapid'ity  in  Different  Parts  of  Vie  Arierial  System.-- 
From  the  fact  that  the  arterial  sj^tem  increases  in  capacity 
as  we  recede  from  the  heart,  we  should  expect  to  find  a  cor- 
responding diminution  in  the  rapidity  of  tlio  flow  of  blood. 
There  are,  however,  many  circumstances,  aside  from  simple 
increase  in  the  capacity  of  the  Tessels,  which  imdoubteiUy 
modiiy  the  blood  current,  and  render  inexact  any  calculations 
on  purely  physical  principles ;  such  as  the  tension  of  the 
blood,  the  conditions  of  conti'action  or  relaxation  of  tlie 
smallest  arteries,  etc.  It  is  therefore  necessary  to  have  re- 
course to  actual  exiieriment  to  arrive  at  any  definite  results 
on  this  point.  The  experiments  of  Volkmanu  showed  a  great 
difference  in  the  rapidity  of  the  cun-cnt  in  the  carotid  and 
metatarsal  arteries,  tlie  average  being  10  inches  per  second 
in  tlie  carotid,  to  2'2  inches  in  the  metatarsal.  The  same 
diScrence,  though  not  quite  as  marked,  was  found  by  Chau- 
TeaQ  between  the  carotid  aufl  tlie  facial. 

The  last-named  observer  also  noted  an  important  modifi- 
catioa  in  tlie  character  of  the  current  in  tlie  smaller  vessels. 
As  we  recede  from  the  central  organ,  the  systolic  impulse 


2  *  6  CIBCTLATIOS. 

Iwcomea  rapidly  diminished,  being  reduced  in  one  expeimcDt 
about  tvro-tliirtls ;  the  dicrotic  im]>iilee  becotncs  renr  feeble  of 
even  nbolislied ;  but  tlie  conBtant  flow  is  very  much  increawd 
in  rapidity.  This  fact  coincides  with  the  ideas  already  ad- 
vanced, with  regard  to  the  gradual  conversion,  by  virtne  of 
the  elasticity  of  tlie  Tcseels.  of  the  impulse  of  the  heart  inlo^ 
lir&t,  a  remittent,  and.  in  the  very  smallest  arteries,  a  Dcarijr 
constant  current. 

The-  rapidity  of  the  flow  in  any  artery  must  be  Eubjert  to 
eonstant  modifications  due  to  the  condition  of  the  arteriole* 
which  are  supplied  by  it.  When  theae  little  veesek  are  di- 
lated, the  artery  of  course  empties  itself  with  greater  facility, 
and  the  rapidity  is  increnecd.  Thus  the  rapidity  bears  a 
latioa  to  the  arterial  pressure;  as,  independently  of  a  dimi' 
nntion  in  the  entire  quantity  of  the  circulating  flnid,  varv^ 
tiona  in  the  pressure  depend  chiefly  on  causes  which  faciU< 
tate  or  retard  the  flow  of  blood  into  the  capilldrics,  A  good 
example  of  enlargement  of  the  capillaries  of  a  particnlar  ]>art, 
is  in  mastication,  when  the  salivary  glands  are  brought  into 
activity,  and  the  quantity  of  blood  which  tliey  receive  is 
greatly  increased.  Chanvean  found  an  immense  increase  in 
the  rapidity  of  the  flow  in  the  carotid  of  a  horse  during  mas- 
tication. The  enlargement  of  the  vessels  of  the  glands  duricg 
their  function  has  been  conclusively  pro^tn  by  the  cxperi- 
menlJi  of  Bernard. 

It  must  b©  remembered  that  in  all  parts  of  the  arterial 
system  the  rapidity  of  the  current  of  blood  is  constantly  liable 
to  increase  IVom  dilatation  of  the  small  vt^i^Ia,  and  dimiuDtioD 
from  their  contraction. 

Arterial  Murmurs. 

In  the  largest  vessels,  we  can  frequently  hear  with  the 
Etethoscope  the  sounds  conducted  from  the  heart.  In  addi- 
tion, we  can  hear,  in  all  except  the  smallest  vessels,  a  pcco- 
li-ir  blowing  sound,  called  the  hruH  t/a  80ujf€,  which  is 
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produced  by  the  pressure  of  the  end  of  the  instrument  on  the 
artery.  The  following  is  the  mechanism  of  the  production 
of  this  sound :  The  pressure  of  the  instrument  produces  a 
constriction  in  the  vessel,  and  more  or  loss  obstruction  to  the 
current  of  blood.  As  the  blood  flows  from  this  constricted  ix)r- 
tion  into  that  just  beyond,  where  of  course  the  vessel  is  rela- 
tively larger  and  the  current  is  somewhat  retarded,  the  rela- 
tively small  and  forcible  stream  produces  an  unusual  and 
irr^[ular  current,  which  is  accompanied  by  a  certain  sound. 
It  has  been  proven  by  the  experiments  of  Chauveau  and 
Marey  with  elastic  tubes,  that  this  sound  is  always  produced 
when  any  part  of  the  apparatus  is  dilated  so  that  the  fluid 
passes  from  the  tube  into  a  sort  of  sac.  In  this  way  aneuris- 
mal  murmurs  are  accounted  for.  The  sounds  which  are 
heard  in  the  arteries,  and  are  not  dependent  upon  compres- 
sion with  the  stethoscope,  depend  upon  conditions,  the  con- 
sideration of  which  belongs  to  pathology. 


CHAPTER  VII. 

CIRCULATION  OP  THE  BLOOD  IN  THE  CAFILLABIES. 

Distinction  between  capillaries  and  the  smallest  arteries  and  Teins — ^Phjsiologied 
anatomy  of  the  capillaries — ^Peculiarities  of  distribution — Capacity  of  the 
capillary  system — Coarse  of  blood  in  the  capillaries — ^Phenomena  of  Hie 
capillary  circulation — Rapidity  of  the  capillary  circulatioii — Rdatioos  of  the 
capillary  circulation  to  respiration — Causes  of  the  capillary  drculation — ^In- 
fluence of  temperature  on  the  capillary  circulation— Influence  of  direct  iiriti- 
tion  on  the  capillary  circulation. 

Before  entering  upon  the  study  of  the  capillary  circn- 
lation,  let  us  define  what  we  mean  by  the  capiUary  veseelg, 
as  distinguished  from  the  smallest  arteries  and  veins.  From 
a  strictly  physiological  point  of  view,  the  capillaries  should 
be  regarded  as  commencing  at  the  point  where  the  blood  is 
brought  near  enough  to  the  tissues,  to  enable  them  to  sep- 
arate the  elements  necessary  for  their  regeneration,  and  give 
up  the  products  of  their  physiological  decay.  "With  our 
present  knowledge,  it  is  impossible  to  assign  any  limit  where 
the  vessels  cease  to  be  simple  carriers  of  blood ;  and  it  does 
not  seem  probable  that  it  will  ever  be  known  to  what  part  of 
the  vascular  system  the  processes  of  nutrition  are  exclusively 
confined.  The  dixnisions  of  the  blood-vessels  must  be,  to  a 
certain  extent,  arbitrarily  defined,  and  we  should  feel  at  lib- 
erty to  adopt  the  views  of  any  reliable  observer  with  regard 
to  the  kind  of  vessels  which  are  to  be  considered  as  capilla- 
ries.    The  most  simple,  and  what  seems  to  be  the  most  phvs- 
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iological  view,  is  that  the  capillaries  are  the  vessels  which 
Iiave  Ijiit  a  single,  homogeneous  tuuic ;  for  in  these  the  hlood 
is  brought  ia  closest  prosimity  to  the  tissues.  Vessels  which 
are  provided,  in  addition,  with  a  muscular,  or  muscular  and 
fibrous  wats,  are  to  be  regarded  as  either  Bmall  ai-teries,  or 
Tcnoufl  radicles.  This  view  is  favored  by  the  character  of 
the  curreuts  of  blood,  as  seen  in  microscopic  observations  on 
the  circulation  in  transparent  ports.  Here  an  impulse  is 
obeen'ed  with  each  contraction  of  the  heart,  until  we  come 
to  veasela  which  have  hut  a  single  coat,  and  are  bo  narrow  as 
to  allow  the  passage  of  but  a  single  line  of  blood-cor^iuscles. 

PhysiGlogical  Aruitomy  of  the  CapiUaries. — If  the  arteries 
be  followed  out  to  their  minutest  ramifications,  they  will  be 
ibnnd  progressively  dimini&liiug  in  size  aa  they  branch,  and 
their  coats,  especially  the  muscular,  becoming  thinner  and 
thinner,  until  at  last  they  present  an  internal  strueturelees 
coat,  provided  with  oval  longitudinal  nuclei;  a  middle  coat 
formed  of  but  a  single  layer  of  circular  muscular  fibres,  the 
oval  nuclei  of  wliicli  are  at  right  angles  to  the  nuclei  of  the 
internal  coat ;  and  an  external  coat  composed  of  a  very  thin 
layer  of  longitudinal  fibres  of  the  white  inelastic  tissue.  Robin 
calls  these  the  third  variety  of  capillary  vessels;  but  they  are 
large,  jj^  to  j-^  of  an  inch  in  diameter,  become  smaller  as 
they  branch,  and  undoubtedly  possess  the  property  of  con- 
tractility, which  is  particularly  marked  in  the  arterial  system. 
Following  the  course  of  the  vessels,  when  they  are  reduced  in 
size  to  about  ^g  of  an  inch,  the  external  fibrous  coat  is  lost, 
and  the  vessel  then  presents  only  the  internal  structurelesa 
coftt,  and  the  single  layer  of  muscular  fibres.  These  are 
called  by  Robin,  capillaries  of  the  second  variety.  They 
become  smaller  as  they  branch,  and  finally  lose  the  muscular 
soat,  and  have  then  but  the  single  amorphous  tunic,  with  its 
longiludiual  nuclei.  These,  the  capillaries  of  tiie  lirst  variety 
of  Robin,'  we  shall  consider  as  the  true  capillary  vessels. 

'  JHetivHtmire  di  ^iJefiiit,  eUu.Piuii.iSSS  (Cu}AI!ttirt).    This  division  of  Uw 
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Tiie  true  capillar/  vessels  present  the  fullowing  chano> 
teristics : 

L  Simjilictiy  of  Structure. — They  hare  bnt  the  single 
amorphous  coat,  from  ^rVn  ^  Trin  o*"  ^^  ^""^  thick,  the 
continaatioQ  of  the  liniug  membraae  of  the  larger  reeeeb 
not  provided  with  an  epithelial  lining,  but  preseatiug,  im 
liedded  in  its  thickness,  a  number  of  oval  nuclei  with  tlieir 
long  diameters  in  the  direction  of  the  axis  of  the  vcseeL 

2.  iimaU  Diameter  <if  the  Tends. — Their  diameter  is  gen- 
erally as  small  or  smaller  than  that  of  the  blood-corpnscli 
60  that  these  bodies  alwajs  move  in  a  single  line,  and  most 
become  deformed  in  passing  through  the  smallest  reeE 
recovering  their  natural  shape,  however,  when  they  pas  into 
vessels  of  latter  size.  The  capillaries  are  smallesl  in  tlw 
nerroua  and  muscular  tissue,  retina,  and  patcbe  uf  Peyer, 
where  they  have  a  diameter  of  from  ^^^  to  jt^  of  an  inch. 
In  the  mucous  layer  of  the  skin,  and  in  the  mucous  mem- 
brane they  are  from  -^^  to  -j^Vs  •>*"  ^°  "ich  in  diameter. 
They  are  largest  in  the  glauds  and  bones,  where  they  are  fiotn 
xitjs  ^  T^-Sa  ^'^  ^^  \nc\i  in  diameter.'  These  measaremeots 
indicate  the  size  of  the  vesael,  and  not  its  caliber.  Taking 
oDt  the  thickness  of  their  vails,  it  is  only  the  very  largest  of 
them  which  will  admit  of  the  passage  of  a  blood-disk  without 
a  change  in  its  form. 

3.  PecvliaritUs  of  XHtiribution. — Unlike  the  arterieo, 
which  grow  smaller  as  they  branch,  and  simply  carry  blood 
by  the  shortest  course  to  the  part*,  and  the  veins,  which  bo- 
come  lai^er  as  we  tbllow  the  course  of  the  blood  by  union 
witli  each  other,  the  capillaries  form  a  true  plexus  of  rrmrlg 
of  nearly  uniform  diiimeter,  branching  and  inosculating  In 

i^lUric*  inlo  ihrw  Tuictke,  ihe  first  wilh  a  banogeiicoiw  CMt,  iIm  Mcokd  >ah 
the  aJiUtioa  ol'  tlie  muscuLu'  coal,  and  U]«  Uiird  Hilh  the  muMBUr  mnd  KbtOV 
coat,  <ras  mide  br  Bcalc,  ud  \»,  p«rb>p«,  tbe  one  most  gmenll;  mJopled.  Kitfr 
iikcT  civo  ilic  diiruicm  we  hate  idoplcd,  nganliiig  u  tmt  txgSiMiim  only  I&om 
TesKls  ithich  hire  a  ungle  coaL  The  othen  he  calls  "  Tcs«da  of  Imuilioa." 
'  EiSLUEIx,  Manual  of  Humatt  MirroKopic  AtuOomy.  LondoD,  1800,  ^  3M 
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CTCTT  direction,  diBtribating  blood  to  the  part*,  as  tlieir  plij-s- 
iolo^col  neceaeitice  demtmtL  This  inosculation  is  ]>eeultar 
to  these  veeeeb,  and  the  plexus  is  rich  in  the  tissues,  as  a  gen- 
era! rule,  in  proportion  to  the  activity  of  their  nutrition. 
Though  their  arraugemcnt  presonta  certain  difterencea  in 
different  oi^nB,  the  capillary  vessels  bare  everywhere  tho 

■  geueral  charaeteristica,  the  most  prominent  of  which 
iiiform  diamelLT  and  absence  of  any  positive  direction. 
iie  network  thus  formed  is  very  ricb  in  the  eubstance 
I  glands,  and  in  the  organs  of  absorption ;  hut  the  vee- 
re  only  distended  with  blood  during  tlio  pbysiological 
ty  of  these  parts.  In  the  lungs  the  meslies  arc  partie- 
'  dose,  In  other  parts  the  ve&sels  are  not  bo  nhundant, 
ating  great  variations  in  different  tissues.  In  the  mua- 
oles  and  nervee,  in  whieli  nutrition  is  very  active,  the  supply 
is  much  more  abundant  than  in  other  parb>,  like  fibro-eerous 
membranes,  tendons,  etc.,  whose  liinctiona  are  rather  passive.' 
In  none  of  the  tissues  do  wo  find  capillaries  penetrating  the 
anatomical  elements,  as  the  ultimate  muscular  or  nen'oua 
fibres.  Some  tissues  receive  no  blood,  at  least  tliey  contain 
no  vessels  which  are  capable  of  carrying  red  blood,  and  are 
nourished  by  imbibition  of  the  nutrient  plasma  of  the  circu- 
lating fluid.  Examples  of  these,  which  arc  called  extra-vas- 
cular, are  cartilage,  nails,  hair,  etc. 

The  foregoing  anatomical  sketoli  gives  an  idea  of  how 
near  the  blood  is  brongbt  to  the  tissues  in  the  capillary  ays- 
tcui,  and  how,  once  conveyed  there  by  the  arteries,  and  tbo 
supply  r^ulated  by  the  action  of  the  muscular  coat  o:  tlie 
smaller  vessels,  the  blood  is  distributed  for  the  purpooes  of 
DDtHtioo,  secretion,  absorption,  exlialation,  or  whatever  fimc- 

>  HUr  amLD^ciDciit  of  the  capilkries  in  different  liMUCS  nnd  or^niu  tiu  gm- 
entlj  been  uamaiood  bj  minute  iojecUons.  In  sliiJjiing  iiijectod  prcpamioiu, 
bo«c*er,  it  mast  b«  bome  in  mind  tbatnUen  iajcclcd,  the  daiUn  imd  jieliUng 
TVMvI^  iir«  distindcd  to  ttinr  eilnmie  capaoit;,  and  the  rainlisriM,  Ihcnifure, 
oocup*  a  tpace  much  greater  tbau  Is  DatunU.  In  injcctioiu  or  tbo  Urcr,  lor  ex- 
amine, tlic  cipilluries  emm  to  codeIiIuIc  the  bulk  of  the  organ,  and  «e  are  at  a 
0  lunlersland  how  tho  ctUa,  iiKU,  etc.,  find  place  between  (heir  mefhei 
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tion  the  part  has  to  perlbrm.  This  will  be  still  more  typa- 
rent  when  we  come  to  consider  the  course  of  the  Mood  in  (he 
c&pillaries,  an<l  tlie  immense  capacity  of  this  Bretcto,  as  com- 
pared with  the  arteries  or  vcine. 

The  capacity  of  the  captUart/  system  m  immam.  It  is 
only  necessary  to  consider  the  prodigions  vascnlarity  of  the 
stin,  mucous  membranes,  or  muscles,  to  realize  this  fact.  In 
injections  of  these  parte,  it  seems,  on  microscopic  exantinatiun, 
as  though  tliey  contained  nothing  bat  capillaries.  In  prepo- 
rationB  of  this  kind,  the  elastic  and  yielding  coats  of  the  capil- 
laries are  disteuded  to  their  utmost  limit.  Under  some  q\x- 
camstanoes,  in  health,  they  are  much  distended  with  blood, 
as  the  mucous  lining  of  the  alimentary  canal  dining  dige»- 
tiod,  the  wiiole  surface  presenting  a  Tivid  red  color,  indicat- 
ing the  great  richness  of  the  capillary  plexus.  Various 
estimates  uf  the  capacity  of  the  capillary,  as  compared  with 
the  arterial  sptcm,  have  been  made,  but  they  are  simply  ap. 
proximutive,  and  there  seems  to  t>e  no  means  by  which  an 
estimate,  with  any  pretentions  to  accuracy,  can  be  formed. 
The  various  estimates  which  are  given  are  founded  u|>ou  ad- 
culations  from  microscopic  examinations  of  the  rapidity  of 
the  capillary  circulation,  as  compared  with  the  arteries.  In 
this  way  Dooders  estimates  the  entire  capacity  of  the  capil- 
lary system  as  500,  and  Vierordt  as  800  times  tlint  of  the 
arterial  system.  It  must  be  evident  to  any  one  who  has 
witnessed  the  capillary  circulation  under  the  microscope,  thai 
the  conditions  under  which  the  animal  under  exiuninatioo  ta 
jilaced  are  liable  to  interfere  with  the  current  of  blood ;  and 
the  periodical  congestion  of  certain  parts,  the  fugitive  flosbea 
of  the  skin,  the  condition  of  the  smallest  arteries  induced  hy 
changes  of  temperature,  exercise,  etc.,  make  it  evident  that 
the  current  of  blood  is  liable  to  great  variations.  It  is  impoo- 
Bible  to  strictly  apply  to  the  capillary  circulation  in  the  vari- 
ous parts  of  the  human  subject,  observations  on  the  wing  o(  % 
bat,  or  tlie  mesentery  of  a  cat, .  We  must  conader,  then, 


these  estimates  as  mere  EUppositioits ;  and  tbey  are  given  for 
what  tliey  are  worth. 

WitK  tlie  older  phyeiologists,  the  coutractilitj  of  the  capil- 
laries vtLS  a  subject -of  discussion.  Some  went  so  far  as  to 
suppose  that  tliese  little  vessels  were  the  seat  of  rhythmical 
COD  tractions  which  raoterially  assisted  the  flow  of  the  blood.  In 
microscopic  examinations,  irritation  or  stimulation  h  seen  to 
produce  contraction  of  the  smallest  arteries ;  but  there  is  no 
evidence  that  the  capillaries,  which  have  a  single  amoqjhous 
coat,  have  any  such  property.  They  nndei^,  wliile  under 
observation,  considerable  alterations  in  caliber;  but  this  is 
due,  in  all  probability,  to  differences  in  tho  pressure  of  blood 
in  tlieir  interior.  The  capillaries  can  only  be  considered  as 
endowed  with  elasticity,  wliieh  euables  them  to  react  upon 
their  contents,  when  there  is  any  diminution  in  pressure.  In 
the  vascular  system,  contractility  disappears  with  the  muscu- 
lar 6br&  cells  which  form  the  middle  coat  of  the  arterioles. 

Course  of  the  Blood  in  the  CapiUarles. 

The  phMiomena  of  the  capillary  circulation  are  only  ob- 
servable with  the  aid  of  the  raicroscoi)e.  It  was  not  granted 
to  the  discoverer  of  the  circulation  to  see  the  hlood  moving 
throujrli  the  capillaries,  and  he  never  knew  the  exact  mode 
of  communication  between  the  arteries  and  veins.  After  it 
was  pretty  generally  acknowledged  that  the  blood  did  pase 
from  the  arteries  to  the  veins,  it  was  disputed  whether  it 
passed  in  an  intermediate  system  of  vessels,  or  became  dii- 
fiised  in  the  substance  of  the  tissues,  like  a  river  flowing 
between  numberless  little  ialauda,  to  bo  collected  by  the  ve- 
nous radicles  and  conveyed  to  the  heart.  Accurate  micro- 
scopic investigations  have  now  demonstrated  the  existence, 
and  given  us  a  clear  idea  of  the  anatomy,  of  the  interme- 
diate ves^sels.  In  16C1,  the  celebrated  anatomist,  Malpighi, 
first  saw  the  movement  of  tho  hlood  in  the  capillaries,  in  the 
lungs  of  a  frog.     Since  that  time,  physiologists  have  studied 
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iha  circulation  m  various  transparent  parts  in  the  inferior 
animals,  as  tlie  web  of  tlie  frog's  foot,  tlie  tongue  of  tlie  &og, 
the  lauga  of  the  frog  and  of  the  water-nowt,  tile  roysenteiT-  of 
very  young  rata  or  mice,  the  wing  of  the  bat,  etc.  The  moat 
cunvetiient  Eituation  is  the  tongue  or  the  web  of  the  &og. 
Here  may  be  studied,  not  only  tlie  movement  of  the 
blood  iu  the  true  capillaries,  but  the  circulation  in  the  &mall- 
'  est  arteries  and  veins ;  the  variationa  in  caliber  of  the^  veS' 
eels,  especially  the  arterioles,  by  the  action  of  their  muscular 
tunic;  and  indeed  the  action  of  vessels  of  considuralile 
^e.  This  lias  been  a  most  valuable  means  of  studying  tbe 
circulation  in  the  capillaries,  as  contrasted  with  the  euulI] 
arteries  and  veins;  the  only  one, ijideed,  which  could  give  bs 
any  definite  idea  of  the  action  of  these  vesseU. 

Before  taking  up  the  causes  of  tlie  capillary  cireulstkmf 
and  tbe  various  physical  or  vital  laws  which  are  involved^  to 
will  de^ribe  tlie  phenomena  which  are  observed  with  tbe  aid 
of  the  microscope. 


P/tftio/nena  of  the  CapiUary  Circulation. — The  inngnifi-- 
cent  e];>ectacle  of  tbe  capillary  circulation,  first  observed  by 
Malpiglii,  in  the  lunge,  and  afterwards  by  Loetiweniioek, 
Spallanzrini,  Ilallcr,  Cowper,  and  others,  in  other  parbs  h«6 
ever  since  been  the  delight  of  the  physiologist.  We  eee 
the  great  arterial  rivers,  in  which  the  blood  flows  with  won- 
derful rapidity,  branching  and  subdividing,  until  the  blood  b 
brought  to  the  superb  network  of  fine  capillaries,  where  the 
corpuscles  dart  along  one  by  one;  the  fiuid  being  then  col- 
lected by  the  veins,  and  carried  in  great  currents  to  the  heart. 
Tltis  exhibition,  to  the  student  of  Xature,  is  of  inexpressible 
grandeur;  and  our  admiration  is  not  diminished  when  we 
come  to  study  the  phenomena  in  detiul.  We  find  liere  a 
subject  as  interesting  as  was  the  action  of  tlie  heart  whoa  lint 
seen  by  Hanrey,  involving  some  of  the  most  im|)ortant  pb»- 
nouieua  of  the  circulation.  It  can  be  seen  how  the  arterioles 
regulate  the  supply  of  blood  to  the  tissues ;  how  the  blood 
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dUtributea  itself  by  tlie  capillaries ;  and  finally,  having  per- 
formed its  office,  how  it  is  collected  and  carried  off  by  the 
vein  a.' 

In  studying  the  circtdation  under  the  microBCojJe,  the  an- 
atomical division  of  the  blood  into  corpuscles  nnd  a  clear 
plasma  ts  observed.  This  ia  peculiai'Iy  evident  in  cold-blood- 
ed animEds,  the  corpnecles  being  comparatively  large,  and 
floatiu^  in  a  ploema  which  forma  a  dietinct  layer  next  the 
waHe  uf  the  vessel.  The  white  corpmcles,  which  are  much 
fewer  than  the  red,  are  generally  foand  in  tlie  layer  of 
plasma. 

In  vessels  of  considerable  size,  as  well  as  the  capillaries, 
the  corpuscles,  occupying  the  central  portion,  move  with 
much  greater  rapidity  tlian  the  rest  of  the  blood,  leaving  a 
layer  of  clear  plasma  at  the  sides,  which  is  nearly  immovable. 
TLis  curious  phenomenon  ie  in  obedi^co  to  a  physical  law 
regtdating  the  pnssage  of  liquids  through  capillary  tubes  for 
which  they  have  an  attraction,  such  as  exists,  iur  example, 
between  the  blood  and  the  vessels.  In  tubes  reduced  to  a 
diameter  approximating  to  that  of  the  capillaries,  the  atti-active 
force  exerted  by  their  walls  upon  a  liquid,  eauslnjr  It  to  enter 

*  V(rioii9  nictliiidd  nf  preparing  l)ic  animal  fur  fiamiDBtlon  bavn  bcpn  em- 
ployed. Tlie  one  tie  bate  IqudJ  most  coDrenieiit,  in  emniiniag  Uie  cirvulstioD 
la  Uiafrog,  U  to  break  up  tbe  medulla  with  a  ucedlf,  ui  oporatioa  wbu'b  duee  not 
inteifero  willi  Iho  dtcululIoD,  and  oituvh  the  animal  bj'  pina  to  a  thin  (dccc  of 
oorit,  UtttcUng  the  web  arer  on  onSca  in  the  cork,  to  olloir  the  posnage  or  light, 
and  Mcoring  it  vllh  pins  through  the  toes.  The  membrane  ia  then  molatcned  willi 
tnter,  onil  covered  with  thin  glass,  and  if  the  general  aurfm'e  be  kejil  inoiet,  Iho 
qiniubljan  may  beiludicd  for  honre.  (See  "Phenomena  of  the  Qipillnr}'  Clrvulo* 
lian,"  an  iiwoganil  tiiwla,  b;  the  author,  ^inrri«in  Journal  of  lie  JleJiail  Stlenea, 
Mj,  18ST.)  By  gentl;  inllaliag  the  luuga  nith  a  small  blov-pipe,  aecuruig  them 
tj  a  tigaturc  pasied  ■I'Ouni!  the  brjui'  bcneatb  the  mucous  muinbnuii',  aniJ  open- 
ing the  chnt,  (he  drcuhition  ma;  be  einmincd  in  ttiis  ritualion.  It  muj  be  stu- 
Ce]  In  (he  toi^e  (wbkh  presents  a  nuiguiQeeDt  Ticw  of  the  circulation  nH  veil  ns 
ibe  nrrres  aud  muscular  fibres)  by  drawing  it  out  of  the  mouth,  and  spreading  It 
Into  H  tluu  sheet,  »ecuriag  it  with  pius.  The  cinmlaUon  maj'  be  studied  in  the 
mcMntcr;  of  a  smult  warm-blooded  animal,  like  the  mouse,  bj  Giiug  it  upon  tlie 
frDg-pUt<\  opening  the  abdomen,  and  drawing  oyt  the  membrunc;  but  Dot  as 
rdl  or  OS  coDvenioDllT  as  in  the  tongue  or  web  of  tbc  frog. 
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tlte  tube  to  a  certain  dUtsQce,  called  cnpillarr  attracUoo,  be*  I 
comes  an  obstacle  to  the  passage  of  Qnld  in  obedience  fa>J 
preseure.  Of  course,  as  tlie  diameter  of  tbe  tnbo  U  rcdond^  ■ 
tbis  force  becomes  relatively  increased,  fw  a  larger  propor'a 
tion  of  tbe  liquid  contents  is  brongbt  in  contact  with  h,,! 
Wben  ve  conie  to  tbe  smallest  artenee  and  reins,  and  EtOt  1 
more  tbe  ca]>iUaries,  tbe  capillary  attraction  is  suffiaenttol 
produce  the  immovable  layer,  called  tbe  "still  lay<^"  by  I 
many  f^ysiologists,  and  tbe  liquid  only  mores  in  tbe  oeotrall 
portion.  The  plasma  occnpiea  tbe  position  next  tlie  irallsof  I 
tbe  vesdcls,  for  it  is  tbis  portion  of  tbe  blood  which  is  cspablsl 
of  wetting  tbe  tubes.  The  transparent  layer  was  obeerredl 
by  Malpigbi,  Haller,  and  all  who  have  described  the  capillarjrff 
circulation.  Poiseuille  recognized  its  true  relation  to  1" 
blood -current,  and  ex])lained  tbe  phenomonon  of  tbe  t 
layer  by  physical  laws,  which  had  been  previously  establii 
with  regard  to  the  flow  of  liqnids  in  tabes  of  tbe  dianwtcrof  " 
trora  ^  to  ^  of  an  inch,  but  which  he  had  succeeded  in  apply- 
ing to  tul>cs  of  tbe  diameter  of  the  capillaries.' 

A  red  corpuscle  occasionally  becomes  involved  in  tbe  sliU 
layer,  when  it  moves  slowly,  turning  over  and  over,  or  tma 
remains  stationary  for  a  time,  until  it  is  talcen  np  again  and 
carried  along  with  tbe  central  cnrrcnt.  A  few  white  corpus- 
cles are  constantly  seen  in  this  layer.  They  move  abng 
slowly,  and  apparently  have  a  tendency  to  adhere  to  the 
walls  of  tbe  vessel.  Tbis  is  due  to  tbe  adhesive  character  of 
the  surface  of  the  white  corpuscles  as  compared  with  the  red, 
wbicb  can  easily  be  observed  in  examining  a  drop  of  blood 
between  glass  surfaces,  tbe  red  corpuscles  moving  about  with 
great  facility,  while  tbe  white  have  a  tendency  to  adhere. 

Great  differences  exist  in  tlie  character  of  tbe  flow  of 
blood  in  the  three  varieties  of  vesseU  which  are  under  obeei^ 
vation.  In  the  arterioles,  wliJeli  may  be  distinguished  from 
the  capilLiries  by  their  size  and  the  pnsience  of  the  muscular 
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sad  fibrons  coats,  the  movement  is  distinctly  reniittetit,  even 
ia  their  most  minute  ramificationB.  The  blood  moves  in 
them  with  much  greater  rapidity  than  in  cither  the  capil- 
laries or  veins.  They  become  smaller  as  they  brancli,  and 
carry  the  blood  always  in  the  direction  of  the  capillaries. 
The  veins,  which  are  relativeiy  larger  than  the  arteries,  cairy 
the  blood  more  slowly,  and  in  a  continuous  stream,  from  the 
capitlarii^  toward  the  heart.  In  Iwth  these  vessels  the  cur- 
rent is  li-equently  so  rapid,  that  the  form  of  the  corpuscles 
cannot  be  distingnielied.  Only  a  portion  of  the  white  cor- 
puscles oecnpy  the  still  layer,  t!ie  rest  Ijeing  carried  on  in  the ' 
oentral  current. 

The  circulation  in  the  true  capillaries  is  am  generia.  Here 
the  blood  is  distributed  in  every  direction,  in  vessels  of  nearly 
nniform  diameter.  The  vessels  are  generally  bo  small  as  to 
admit  but  a  single  row  of  corpuscles,  which  move  almost  like 
beings  endowed  with  volition.  In  a  single  vessel,  a  line  of 
corpiiBcles  may  be  seen  moving  in  one  direction  at  one  mo- 
ment, ami  a  few  moments  after  talking  a  directly  opposite 
couree.  Spallanzani,  in  one  of  his  observations,  describes  the 
following  phenomenon.  Two  single  rows  of  corpuscles,  pass- 
ing in  two  capillary  vessels  of  equal  size,  were  directed  to- 
ward a  third  capillary  vessel,  I'amied  by  the  iinion  of  the  two 
others,  which  would  if«eif  admit  but  a  single  corpuscle.  The 
corpuscles  in  one  of  these  vessels  seemed  to  hold  back  until 
tlioeelrom  the  other  had  passed  in,  when  they  followed  in  their 
tnro.'  When  the  circulation  is  natural,  the  movement  in 
the  capillaries  is  always  quite  slow  compared  with  the  move- 
ment in  tha  arterioles,  and  is  conthiuous.  Ilero,  at  last,  the 
impulse  of  the  heart  is  lost.  The  corpuscles  do  not  neees 
Bftrily  circulate  in  atl  the  capillaries  which  are  in  the  field  ot 
view.  Certain  vessels  may  not  receive  a  corpuscle  for  some 
time,  but  after  awhile  one  or  two  corpuscles  become  engaged 
■  .jp  theju,  and  a  current  ia  finally  established.  Manyiuter- 
I  little  points  .ire  noticed  in  examining  the  circulation 
;•  SriUAKLUi^  Sipirienm  *uc  la  Orculalivn  Puis,  1608,  p.  111. 


28S  CIKCULATIOK. 

for  a  length  of  time.    A  corpuscle  is  frequently  Been  cauglit 
&t  tlie  angle  Trliere  a  vessel  divides  into  two,  remainiDg  fixed 
for  a  time,  distorted  and  Lent  Ity  tlie  force  of  tlio  current. 
It  Boon  becomes  relcaeed,  and,  as  it  cntcra  tlie  vessel,  regaina  | 
its  original  fornn.     In  some  of  the  vesEele  of  smallciit  fiize,  tbs  | 
corpuscles  are  slightly  deformed  as  they  pass  throogli. 

The  scene  is  changed  with  every  different  part  wliich  i 
ejtamined.  In  the  tongue,  in  addition  to  the  arterioles  and  I 
venules,  with  the  rich  network  of  capillaries,  dark-bordered  I 
nerve-fibres,  striated  muscnlar  fibres,  and  pavement  cpitlie-  1 
Hum  can  he  distinguished.  In  the  lungs,  the  view  is  veiy  J 
heautifiil.  Large,  polygonal  air-cells  are  observed,  boanded  I 
hy  capillary  vessels,  in  which  the  corpusclea  move  with  ex-  J 
treme  rapidity.  It  has  been  observed  that  the  larger  veasela  | 
are  crowded  to  their  utmost  capacity  with  corpuscles,  leaving  f 
no  still  layer  next  the  walls,  such  as  is  seen  in  the  circulation  I 
in  other  situations. 

When  the  circulation  has  been  for  a  long  time  under 
observatioD,  as  the  animal  becomes  enfeebled,  very  interest- 
ing changes  in  the  character  of  the  flow  of  blood  take  places 
The  continuous  stream  in  the  smallest  vessels  diinioialieB   I 
in  rapidity,  and  after  a  while,  when  the  contractions  of  the  ' 
heart  have  become  infrequent  and  feeble,  the  blood  is  nearly 
arrested,  even  in  tlie  smallest  capillaries,  during  the  intervals 
of  the  heart's  action,  and  the  current  becomes  remittent. 
As  the  central  organ  becomes  more  and  more  enfeebled,  the 
circulation  becomes  intermittent ;   the  hlood  receiving   an 
impulse  from   eacli   contraction,  but  remaining  statioQat;y 
during  the  intervals.     At  this  time,  the  corpuscles  ceaee  to 
occupy  exclusively  the  central  portion  of  the  vessels,  and  the 
clear    layer    of  plasma  next  their   walls,   whidi  waa    ob- 
served in   Ihe  normal  circulation,  is  no   longer   apparent. 
Following  this,  there  is  actual  oscillation  in  the  capillaries. 
At  each  contraction  of  the  heart,  the  blood  is  forced  onwards  i 
a  little  distance,  hut  almost  immediately  returns  to  aboat  its  \ 
former  position.     This  phenomenon  has  long  been  ohserred,  I 
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and  is  explained  in  the  following  way :  As  the  heart  has 
become  enleebled,  the  contractions  are  so  inlreqnent  and  in- 
effectual, that  during  their  intervals  the  constant  flow  in  the 
capillaries  is  entirely  arrested ;  for  the  arterial' pressure,  which 
is  its  immediate  cause,  and  which  is  maintained  by  the  siio- 
cessive  charges  of  blood  sent  into  the  arteries  at  each  ventric- 
ular systole,  is  lost.  Sut  as  the  blood  is  contained  in  a  con- 
nected system  of  closed  tubes,  the  feeble  impulse  of  the  heart 
is  propagated  through  the  vessels  and  produces  a  slight  im- 
pulse, even  in  the  smallest  capillaries,  which  dilates  them 
and  forces  the  fluid  a  little  distance.  As  soon,  however,  as 
the  heart  ceases  to  contract,  the  current  is  arrested,  and  the 
blood,  meeting  with  a  certain  amount  of  obstruction  from  the 
fluid  in  the  small  veins,  which  are  still  further  removed  from 
the  heart,  is  made  to  return  to  its  former  position. 

This  phenomenon  continues  for  a  short  time  only,  for  the 
heart  soon  loses  its  contractility,  and  the  circulation  in  all  the 
vessels  is  permanently  arrested. 

Rapidity  of  the  Capillary  Circulation. — The  circulation 
in  the  capillaries  of  a  part  is  subject  to  such  great  variations, 
and  the  diflerences  in  different  situations  are  so  considerable, 
that  it  is  impossible  to  give  any  definite  rate  which  will 
represent  the  rapidity  of  the  capillary  circulation.  It  is  for 
this  reason  that  it  has  been  found  impracticable  to  estimate 
the  capacity  of  the  capillary,  as  compared  with  the  arterial, 
system.  The  rapidity  of  the  flow  of  blood  is  by  no  means 
as  great  as  it  appears  in  microscopic  examinations;  being, 
of  course,  exaggerated  in  proportion  to  the  magnifying  power 
employed.  It  is,  nevertheless,  to  microscopic  investigations 
that  we  are  indebted  for  the  scanty  information  wo  possess 
on  this  subject.  The  estimates  which  have  been  made  by 
various  observers  refer  generally  to  cold-blooded  animals,  and 
have  been  arrived  at  by  simply  calculating  the  time  occupied 
by  a  blood-corpuscle  in  passing  over  a  certain  distance.  Hales, 
who  was  the  first  to  investigate  this  question,  estimated  that 
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for  a  length  of  bme.  A  corpuscle  is  freqaently  gecn  cau^t 
at  tbe  angle  %vliere  a  veeseX  divides  into  two,  remaining  find 
for  a  time,  diatorted  and  bent  by  tlie  force  of  the  carraiL 
It  soon  becomes  released,  and,  as  it  enters  the  vessel,  regitliB 
its  original  form.  In  eome  of  the  vessela  of  smallest  ^ze,  tlw 
corpuscles  are  slightly  deformed  as  they  pas  through. 

The  scene  is  changed  with  every  difierent  part  whii^  is 
examined.  In  the  tongue,  in  addition  to  the  arterioles 
venules,  with  the  rich  network  of  capiUariea,  dark-bordered 
nerve-fibres,  striated  maecnlar  fibres,  and  pavement  epithe- 
lium can  be  distingniehed.  In  the  lungs,  the  view  is  Tety 
beautiful.  Large,  [wlygonaJ  air-cells  are  observed,  boODded 
by  capillary  TCseela,  in  which  the  corpuscles  move  with 
treme  rapidity.  It  has  been  observed  that  the  larger  vea 
are  crowded  to  their  utmost  capacity  with  corpuscles,  leavii^ 
no  still  layer  next  the  walls,  such  as  is  seen  in  the  circalatioa 
in  other  situations. 

When  the  circulation  has  been  for  a  long  time  m 
observation,  as  tbe  animal  becomes  enfeebled,  very  interest- 
ing changes  in  the  character  of  tbe  flow  of  blood  take  pl4fl& 
The  continnoua  stream  in  the  smallest  veeseU  dimiiu 
in  rapidity,  and  after  a  while,  when  the  coDtraclions  of  tbc 
heart  have  become  infrequent  and  feeble,  tlie  blood  is  oeariy 
arrested,  even  in  the  smallest  capillaries,  during  the  intervala 
of  the  heart's  action,  and  the  current  becomes  remittent. 
As  the  central  organ  becomes  more  and  more  enfeebled,  the 
circulation  becomes  intermittent ;  the  blood  receiving 
impulse  from  each  contraction,  but  remaining  statioiMij 
daring  the  intervals.  At  this  time,  the  corpuscles  ce*si 
occupy  exclusively  the  central  i>ortion  of  the  vessels,  and  tbe 
clear  layer  of  plasma  next  their  walls,  which  was  ob- 
served in  the  cormal  circulation,  is  no  longer  apparent. 
Following  this,  there  ia  actual  osciltatioa  in  the  captlUrio. 
At  each  contraction  of  the  heart,  the  blood  is  (breed  onir«rdB 
a  little  distance,  hut  almost  immediately  returns  to  about  its 
former  position.    This  phenomenon  has  long  been  obscmd, 


and  is  explained  in  tbe  following  way :  As  tlie  heart  liaa 
become  enfeebled,  the  contraetious  are  ao  infrequent  and  in- 
effectual, that  during  their  interrals  the  constant  £ow  in  tlie 
capillaries  is  entirely  arrcBted;  for  the  arterial  pressure,  which 
is  its  immediate  cause,  and  which  is  maintained  by  tlie  suc- 
cessive charges  of  blood  sent  into  the  arteries  at  each  rentrio- 
alar  systole,  ia  lost.  But  as  the  blood  is  contained  in  a  con- 
nected system  of  closed  tubes,  the  feeble  impulse  of  the  heart 
ifl  propagated  through  the  vessels  and  produces  a  slight  im- 
pulse, even  in  the  smallest  capillaries,  whiuti  dilates  them 
and  forces  the  fluid  a  little  distance.  As  soon,  however,  as 
the  heart  ceases  to  contract,  the  current  is  arrested,  and  the 
blood,  meeting  with  a  certain  amount  of  obstruction  from  the 
fluid  in  the  small  veins,  which  are  still  further  removed  from 
the  heart,  is  made  to  return  to  its  former  jtosition. 

This  phenomenon  continues  for  a  short  time  only,  for  the 
heart  soon  loses  its  contractility,  and  the  circulation  in  all  the 
vessels  is  permanently  arrested. 

Sapidity  of  the  Capillary  Circulation. — The  circulation 
in  the  capillaries  of  a  part  is  subject  to  such  great  variations, 
and  the  differences  in  different  situations  are  so  considerable, 
that  it  is  impossible  to  give  any  definite  rate  which  will 
represent  the  rapidity  of  the  capillary  circulation.  It  is  for 
this  reason  that  it  has  been  found  impracticable  to  estimate 
tlio  capacity  of  the  capillary,  as  compared  with  the  arterial, 
fiyetcm.  The  rapidity  of  the  flow  of  blood  is  by  no  means 
M  great  as  it  appears  in  microscopic  examinations;  being, 
of  coDTse,  exaggerated  in  proportion  to  the  magnifying  power 
employed.  It  is,, nevertheless,  to  microscopic  investigations 
that  we  are  indebted  for  the  scanty  information  we  possess 
on  this  gnbject.  The  estimates  which  have  been  made  by 
rarious  observers  refer  generally  to  cold-blooded  animals,  and 
havd  been  arrived  at  by  simply  calculating  the  time  occupied 
by  a  blood-corpuscle  in  passing  over  a  certain  distance.  Hales, 
who  was  the  first  to  iuvestigate  this  question,  estimated  that 
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in  tlie  frog  a  eorpnsde  mOTed  at  the  rate  of  an  iach  in  lunetj- 
seconds.'  The  eatimatea  of  Weber  and  Valentia  are  am- 
Biderably  higher,  being  about  ^  of  an  inch  per  Beoond. 
Toltcmann  calculated  the  rapiditj  in  the  mesentery  of  the 
dog,  which  wouhl  approximate  more  nearly  to  the  httman 
subject,  and  found  it  to  be  about  -^  of  an  inch  per  eecond.' 
Vierordt  made  a  number  of  curioua  observations  npon  him- 
self, by  which  he  professed  to  be  able  to  estimate  the  ntpiditr 
of  the  circulation  in  the  little  Tessels  of  the  eye.  He  t 
that  when  the  eye  is  fatigued,  and  soraetimea  when  the  ner- 
vous Evstem  19  disordered,  compression  of  the  globe  in  a  cer- 
tain way  will  enable  one  to  see  a  current  like  that  in  a  capB^ 
lary  plexus.  This  he  believes  to  be  the  capiilaiy  ctrrmlation, 
and  by  certain  calculations  he  formed  au  estimate  of  its  rapid- 
ity,  putting  it  at  from  ^  to  -^  of  an  inch.  The  latter  £gare 
accords  pretty  nearly  witli  the  observations  of  Volkmana 
upon  the  dog.'  How  far  these  observations  are  to  be  rdled 
iipon  it  is  impossible  to  say.  Certainly  no  great  importaoce 
would  be  attached  to  them  if  they  did  not,  in  their  results, 
approximate  to  the  estimates  of  Volkmann,  which  probabljr 
represent,  more  nearly  than  any,  the  rapidity  in  the  capB- 
laries  of  the  human  subject. 

Alter  what  has  been  said  of  tlie  variations  in  the  capiilaiy 
circulation,  it  ia  evident  that  the  foregoing  estimates  are  by 
no  means  to  be  considered  exact. 

Belationa  of  the  CaplUary  Circulation  to  Rmpiration.— 
In  treating  of  the  influence  of  respiration  u[ion  the  action  c^ 
the  heart,  the  aiterial  pressure,  pulse,  etc.,  it  has  already 
been  stated  that  non-aerated  blood  cannot  circulate  freely  in 
the  capillaries.  Various  ideas  with  regard  to  the  effects  of 
asphyxia  upon  the  circulation  have  been  advanced,  which 
will  be  again  discussed  in  connection  with  respiration.     The 

'  statical  Euaj/i,  containing  Hitmaitaliet;  London,  1T33,  p,  AS. 

'  UiuiK-EDitAitDB,  £<(oni  rar  la  FKt/tiologit,  Vant,  ISCS,  tome  It.,  p.  SH. 

'IWd. 
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fact  is  evident,  tliat  arrest  of  rcfpiration  produces  arrest  of 
(nrcnlation.  This  is  ordinarily  attriljuted  to  an  ini[)ediinent 
to  tlie  paesage  ol'  blood  through  the  lungs,  when  they  no 
longer  contain  the  proper  quantity  of  oxygen.  This  view  is 
entirely  theoretical,  and  has  heen  disproved  by  experinienta 
dating  more  than  half  a  century  ago.  In  17S9,  Goodwyn 
advanced  the  tiieory  that,  in  asphyxia,  the  blood  paeeea 
tlirough  the  lungs,  but  is  incapable  of  exciting  contractions 
in  the  left  ventricle,'  Biehat,  in  hta  celebrated  essay  "  Sut 
la  Vie  et  la  Mortp  1S05,  proved  by  experiment  that  black 
blood  passes  through  the  lunga  in  asphyxia,  and  is  found  in 
the  arteries.  His  theory  was  that  non-aerated  blood,  circn- 
lating  in  the  capillarira  of  the  nervous  centres,  arrests  their 
function,  thus  acting  indirectly  upon  the  circulation ;  and 
that  finally  the  heart  itself  is  paralyzed  by  the  circulation  of 
black  blood  in  its  substance. 

Dr.  John  Reid,  in  an  article  "On  the  Cessation  of  the 
Vital  Actions  in  Asphyxia," '  describes  an  experiment  in  which 
a  hemodynaraometer  applied  to  the  femoral  artery  of  a  dog 
indicated  increase  in  the  arterial  pressure  during  tlio  first 
moments  of  asphyxia,  followed  finally  by  a  depression  in  the 
mercury.  He  found  a  corresponding  diminution  in  the 
pressure  in  the  vein  of  the  opposite  side.  "  This  was  so  un- 
looked  for — at  tii-st  sight  so  iiiexplicaUe,  and  so  much  at 
variance  with  my  preconceived  notions  on  the  subject,"  says 
tlio  author,  "  that  I  was  strongly  inclined  to  believe  there 
must  he  some  source  of  fallacy ;  but  after  repeating  the  ex- 
periment more  than  twenty  times,  and  invariably  with  the 
same  results,  I  was  at  last  compelled  to  admit  its  accuracy.'' 
TTiis  he  surmises  is  due  to  "  an  impediment  to  the  passage  of 
the  venous  blood  through  the  capillaries  of  the  systemic  cir- 
culation."   In  his  conclusions  at  the  end  of  the  article,  how- 

'  p.  Beiuu>,  Cotir*  ub  Pbytiologie  fait  <1  la  Faeulli  de  Midtdne  Je  Pari; 
lasl,  tome  iiL,  p.  iH. 

'  JoBM  Rno,  M.  D.,  Phyilologlcal,  AnalomUai,  and  Pailuhgkal  Renareha, 
Eitinlnir);h,  ISlfi,  p.  20.  (ArticlQ  extracted  from  the  Edinbitrgh  lltdical  ii.-riJ 
Siuyieat  Javma!,  April,  IBll.) 
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ever,  lie  takes  no  aceoDHt  of  the  results  of  this  e: 
wliicli  point  conelusirely  to  arrest  of  blood  iu  the 
BTBteni,  and  the  conclusiona  with  regard  to  the  effect  of  as- 
phyxia upon  the  circulation  are  substantially  those  of  Bichat. 

The  immediate  effects  of  asphyxia  upon  the  ciixmlatJos 
are  referable  to  the  general  capillary  eystem.  Tiiis  fact  wm 
demonstrated  by  exi)eriment3  od  the  fro*  published  in  1S5T.' 
In  these  experiments,  the  inednlla  oblongata  was  brakes 
up,  and  the  web  of  the  foot  submitted  to  microscopic 
inatiou.  This  operation  does  not  interfere  with  the  C; 
tion,  which  may  be  observed  for  hours  withont  diffiodtj 
The  cutaneous  surface  was  then  coated  with  collodtoo,  c 
only  being  taken  to  avoid  the  web  under  observation.  1 
effect  on  the  circulation  was  immediate.  It  instantly 
came  less  rapid,  until,  at  the  expiration  of  twenty  minut 
it  had  entirely  ceased.  The  entire  coating  of  collodion  i 
then  instantly  peeled  oft  Quite  a  rapid  circulatl 
diately  commenced,  but  it  soon  be^n  to  decline,  and 
twenty  minutes  had  almost  ceased.  In  another  obseifatJoii, 
the  coating  of  collodion  was  applied  without  destroyii:^ 
medulla.  The  circulation  was  affected  iu  the  same  nun 
as  before,  and  ceased  in  twenty-five  minutes. 

These  experiuients,  taken  in  connection  with  obserradooi 
on  the  influence  of  asphyxia  upon  the  arterial  pressure,  coi 
clusively  show  that  non-aerated  blood  cannot  circulate  freely 
in  the  syetemic  capillaries,'  Vcuons  blood,  however,  can  bt 
forced  through  them  with  a  syringe,  and  even  in  asphyxia  ii 
filters  slowly  through,  and  if  air  be  admitted  to  the  Inn^ 
before  ihe  heart  has  lost  its  contractility,  the  circuiotion  ' 
restored. 

No  differences  in  the  capillary  circulation  have  beeo  n 

'  See  article  b<f  tbe  author,  entitled  "PhoDDmeaa  of  the  Capillarj  Clrca 
tion,"  Amerifan  Jiumal  o/Oa  Midical  Scimca,  Julj,  1887. 

*  1q  tli^e  eiperim«D(B,  cliier  had  prcrianBl;  been  frcelj  applied  to  ilt«  *uib 
to  render  U  ccrlola  that  tlie  eflfects  on  the  cdrcnbtiini  were  not  the  niaqll  of  IM 
ingredient  ot  ihe  collodion. 


0ACSE3   OF  THE 


r  cmcfLATios. 


I  acoonipanying  the  ordinary  acts  of  inspiration   and 
ration. 


Causes  of  the  Capillary  Circulation, — The  contractions 
of  the  loft  ventricle  are  evidently  capable  ot"  giving  an  im- 
pulse to  the  blood  in  the  Bmallest  arterioles,  for  a  marked  ac- 
edenitioii  of  the  current  accompanying  each  eyetole  can  be 
distinguished  in  all  but  the  tme  capillaries.  It  has  also  been 
shown  by  experiments  at^er  death,  that  blood  can  be  forced 
through  the  capillary  eyatem  and  returned  by  the  veins  by  a 
force  Iras  than  that  exerted  liy  tho  heart.  This,  however, 
cannot  rigidly  be  applied  to  the  natural  cireulation,  as  the 
smallest  arteries  are  endowed  during  Hfe  with  contractility, 
whicli  is  capable  of  modifying  the  blood  current.'  Dr. 
Sharpey  adapted  a  syringe,  with  a  hemodynnmometer  at- 
tached, to  the  aorta  of  a  dog  just  killed,  and  found  that  fresh 
dcfibrinated  blood  could  be  made  to  pass  through  tho  double 
capillary  systems  of  tlie  intestines  and  liver,  by  a  pressure  of 
three  and  a  half  inches  of  mercury.  It  spurted  out  at  the 
vein  in  a  fall  jet  under  a  pressure  of  five  inches.  In  this  ob- 
Bcrvatiou,  the  aorta  was  tied  just  above  the  renal  arteries. 
The  same  pressure,  the  ligature  being  removed,  forced  the 
blood  through  the  capillaries  of  the  inferior  extremities.' 
This  is  much  less  than  the  arterial  pressure,  which  is  equal 
to  from  five  and  a  half  to  six  inches  of  mercnrv. 

It  is  thus  seen  that  the  pressure  in  the  arteries  which 
forces  the  blood  toward  the  capillaries  is  competent,  unless 
opposed  by  excessive  contraction  of  the  arterioles,  not  only  to 
cause  tlie  blood  to  circulate  in  these  vessels,  but  to  return  it  to 
the  heart  by  the  veins.     This  fact  is  so  evident,  that  it  is  un- 

'  Aa  sliowing  tbe  dilTerenee  bclwcco  the  veflacU  iminediBlelj  after  death,  and 
aft«t  thc]i  buve  lost  all  their  Tital  properties,  we  taay  refer  to  an  obaerrstion  of 
Binrd  (op.  lil.,  p.  776),  in  whioh  be  found  it  impouible  to  iiu'ecl,  with  a  solidifl. 
•bte  flmd,  ports  of  the  bod;  Immciiiutcl;  aner  amputation.  Water  paeaed  iriib 
bdUtj,  but  alcohol  or  riaegar  could  not  bo  forced  through. 

'  Todd  and  Bowjus,  Tin  PAj/sialngUal  Analomi/  anij  Physiology  of  Man, 
FfallMlclphiii,  18BT,  p.  07S. 
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necesfi&ry  to  discnss  the  riews  of  Bichat,  aod  eume  othen, 
wLo  snpposed  that  the  action  of  the  heart  had  no  effect  npoa 
the  capillary  circulation.  It  mast  be  admitted  that  thiaisiu 
prime  canse ;  and  the  oolj  qiiestioii&  to  be  considered  ■», 
first,  whether  there  be  any  reason  why  the  force  of  the  h(wl 
Bhoiild  not  operate  on  the  blood  in  the  capillaries,  tnd 
second,  whetlicr  there  be  any  force  in  these  vcsseU  viuA 
K  Eoperadded  to  tlie  action  of  the  heart. 

The  first  of  these  qnestions  is  answered  by  microeco^ 
observations  on  the  circulation.  A  distinct  impulse,  follow- 
ing each  ventricular  systole,  is  observed  in  the  smallest  m- 
teries.  The  blood  flows  from  them  directly  and  freely  into 
the  capillaries ;  and  there  is  not  the  slightest  ground  for  th* 
sappositiou  that  the  force  is  not  propagated  to  this  syBtem  U 
vessels. 

Various  writers  hare  supposed  the  existence  of  a  "  e^iO- 
lary  power,"  which  they  have  regarded  as  of  greater  or  I«a 
importance  in  producing  the  capillary  circulation.  The 
views  of  some  are  purely  theoretical,  but  others  base  tbeff 
opinion  on  microscopic  observations.  These  views 
demand  an  extended  discussion.  There  is  a  force 
lion,  the  action  of  the  heart,  which  is  capable  of 
the  capillary  circulation ;  and  there  is  nothing  in  the 
ena  of  the  circulation  in  these  vessels,  which 
with  its  full  operation.  Under  these  circamstani 
un philosophical  to  invoke  the  aid  of  the  cnrrmts 
in  capillary  tubes  in  which  liquids  of  different  uharocterE  an 
brought  in  contact^  or  a  "  capillary  power  "  dependent  opon 
a  ntal  nutritive  attraction  between  the  tissues  and  the  Mood, 
unless  we  do  it  on  the  basis  of  phenomena  observed  in  the 
capillaries  when  the  action  of  the  heart  is  sujipressed. 
When  the  heart  ceases  its  action,  movements  in  IIm 
capillaries  are  sometimes  due  to  the  contractions  of  the  sr- 
teries,  a  property  which  has  already  been  fully  considered. 
Movements  which  have  been  observed  in  membranee  do- 
tacbed  from  the  body  are  due  to  the  m&e  emptying  of  Um 
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divided  vessels  or  simple  gravitation.  It  must  be  i 
bered  tliat  in  microscopic  examinationB,  the  movements  wliich 
are  observed  are  immensely  exaggerated  hy  tbo  magnifying 
Ijower,  and  we  receive,  at  first  sight,  an  erroneous  idea  of 
their  rapidity.  The  movements  of  the  blood  in  diitaclifd 
tnembniiie^,  duo  merely  to  gravity,  have  been  so  satiafactorily 
explained  by  tlie  expcrimcDts  of  Poiseuilie,  tLat  it  is  deemed 
anaeccasai'y  to  refer  to  the  observationa  of  tliose  who  Lave 
attributed  this  phenomenon  to  other  causes.' 

Dr.  Dowler,  of  New  Orleans,  made  some  expeiiinents  on 
tbe  circulation  in  patients  dead  with  yellow  fever,  in  wliich 
he  found  that  the  Mood  would  flow  in  a  tolerably  fiill  etreara 
from  a  punctured  vein  a  few  minutes  after  death.  This  he 
attributes  to  an  independent  action  of  the  capillaries,  which 
continues  for  a  time  after  the  action  of  the  heart  has 
ceased.'  Tiiese  observations  are  met  by  the  following  experi- 
ment performed  years  before  by  Magendie.'  A  ligature  was 
passed  oi'ound  tbo  thigh  of  a  dog,  leaving  only  the  crural 
artery  and  vein,  A  ligature  was  then  applied  to  the  vein, 
and  a  small  opening  made  below  it  tn  the  vessel,  from  which 
the  blood  escaped  in  a  jet.  On  compressing  the  artery,  the 
flow  of  blood  was  not  immediately  arrested  in  tlie  vein,  but 
continued  to  gradually  diminish  in  force  until  it  stopped  after 
a  few  moments.  On  examining  the  artery  behtw  t!ie  point 
of  compression,  it  was  found  coutracted,  and  completely 
emptied  of  blood,  while  the  vein  was  full  below  the  ptmo- 
tnre.  The  pressure  being  removed  from  the  artery,  the  blood 
commenced  to  flow  from  the  vein,  and  a  jet  was  soon  estab- 
lished aa  before.  When  the  artery  was  slightly  compressed, 
so  as  to  allow  the  passage  of  a  small  quantity  of  blood,  not 
enough  to  distend  the  vessel,  the  blood  flowed  from  tlie  vein, 
bot  no  longer  in  a  jet.     This  experiment  shows  that  when 

*  PoisEctLi-lE,  Rfchere/ia  far  la  Catua  dv  Mimvemait  dn  Saagdant  lit  Vai> 
tana  Capillairf,  ISSG,  p.  13T. 

*  Dr^aLisoN,  Human  Phi/iioloffy,  Philnddphio,  I8E1,  toI.  t,  p.  4S0 

*  UiOEXDiE,  Frki*  tUmiatairt  dt  Pht/tiotogie^  Puis,  1836,  tome  ii.,  p.  390. 
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an  artery  enpplying  a  part  with  blood  is  removed  froni  tie 
influencu  of  the  Leart,  the  vessel  will  contract  and  force  it 
contents  into  the  vein.  This  afibrds  tlte  most  rational  expla- 
nation of  the  phenomena  observed  by  Dr.  Dowler.  VTha 
the  blood  is  allowed  to  enter  slowly,  so  as  not  to  distcodlbe 
vessel,  though  it  be  supphod  to  the  capillary  system,  it  does 
not  there  undergo  any  propelling  infinence,  competent,  at  tmy 
time,  to  increase  the  rapidity  of  the  flow  from  the  vein. 

PhyeiologistB  who,  like  Bichat,"  have  been  unable  ta 
explain  the  local  variations  in  the  capillary  circolatiou  witli- 
ont  the  intervention  of  a  force  resident  in  these  vessels  or  the 
snrronnding  tiasnee,  have  not  appreciated  the  action  of  the 
arterioles,  Th^e  little  vessels  are  endowed  to  an  eminent 
de^ee  with  contractility  and,  by  the  contractions  and  re- 
laxations of  their  nmscular  walls,  r^nlate  the  supply  of  blood 
to  the  capillaries  of  individnal  parts.  Their  action  i$  c 
peteni  toproiluoe  all  i/ie  variations  wkich  are  t)b$«rved  i»  tUti^ 
capiHari/  circulation. 

It  is  evident,  then,  that  the  arterial  preesnre,  iHudi  U 
itself  derived  from  the  action  of  the  heart,  is  competeot  to 
produce  the  circulation  of  the  blood,  as  we  observe  it,  with 
all  its  variations,  in  the  capillary  vessels;  that  there  is  tM 
evidence  of  the  intervention  of  any  other  force,  but,  wi  tb« 
contrary,  microscopic  observations  and  expcritnente  on  the 
arteries  and  veins,  thus  far,  show  that  there  is  no  otlier  £ 
in  operation.' 


*  K  hia  been  ueeited  Ihtt  there  is  a  circnlUion  of  (be  blood  in  II 
culosi,  the  Snt  blood^eHtela  that  ire  developed,  t>ert>ra  the  heait  it  ft 
there  vena  dcfiniieond  rvlubtc  obMnaiions which  8bo«th*t(h«rei*|| 
moiement  of  the  blood,  wfaicb  aux  be  likened  to  the  drcahUom  u  it  K^ 
alUr  th«  devclojvment  of  tbe  lieart,  ■nterior  to  the  ippeBWiee  of  k  o 
ocBtnl  otgan.    Another  eximple  of  obsl  ii  fappo^  to  be  drcalation  wmmrt  J 
(he  iDteTTcntion  of  tbe  bout  is  in  cwM  of  acBnUjiofixuuM.    Honstera  vithtota 
bcMt,  which  baTi>  Divlergone  considenble  ileTclopmcat  and  which  p 
of  wtcrio*,  oapillnricj,  and  teina,  have  betfi  dmcribed.    All  of  thm^  bowvni;   I 
tN  acMfRpmkd  b;  a  twin,  in  wluch  ihe  derelaptunl  of  the  cirniatorj  tjOtm  1*   ] 
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■fluence  of  Temperature  on  the  CapiUary  C  irculation. — 
Ruthin  mocieratc  limita,  a  low  temperature,  iuduced  by  local 
ltppItcBtiun9,Iia8l[>een  found  to  diminish  the  qnantity  of  blood 
sent  to  tlie  capillaries,  and  retard  the  eireulation ;  ivhile  a 
h%h  temperature  increases  the  supply  of  blood  and  nec«ler- 
at«s  its  current.  The  niechatiism  of  Ihia  ia  beautifully  eliown 
by  the  experiments  of  Poiseuille.  This  observer  futind  that 
when  K  piece  of  iee  was  applied  to  the  web  of  a  irog's  foot, 
the  mesentery  of  a  small  warm-blooded  animal,  or  any  part 
ia  which  the  capillary  circulation  can  be  observed,  tho  quan- 
tity of  corpuaclea  circulating  ia  the  arterioles  became  very 
mnch  dimiuislied,  "  those  which  carried  two  or  three  rows 
of  corpuscles  giving  passage  to  but  a  single  row."  The  cir- 
coiation  iu  the  capillaries  first  became  slower,  aud  then  en- 
tirely ceased  in  parts.  On  removing  the  ice,  in  a  very  few 
minutes  the  circulatiou  regained  its  former  characters. 

If^  on  the  other  hand,  the  part  be  covered  with  water  at 
104",  the  rapidity  of  the  current  in  the  capillaries  is  so  much 


petftct.  Tlie  moet  remarkable  case  of  this  kind  is  one  reported  bj  Dr.  Houaton 
in  Ihe  Ihiiilin  Jovrnal  of  Mediml  Seimct  (ISSfl,  Tol.  x.,  p.  SU).  Jn  M»  cue 
tben  naa  a  perfect  twin,  but  two  dislinct  cotdii  tad  Kit  of  membmnes.  Dr. 
HooiiOD  ^apposed  that  the  dnnilatSou  ia  Oiit  laoniler  vaa  carried  on  by  "  uapU' 
U17  power"  alonb  In  tliew)  oases,  aa  has  been  ihown  by  Astloy  Ooopur  and 
Lanenaad  (Ediaitiriih  MidUal  and  Sarffital  JbvnuJ,  lSi4,  vol.  liil,  p.  ISO  tl 
ttf.\  there  is  a  IVcooiuutomMlsortbe  vc^cltiortbe  two  fictuges  in  the  iiluwnta, 
Si>m«  hare  lupposed,  &om  the  &ct  that  the  veins  of  the  monster  are  not  praridcd 
Milh *•)*(«,  that  la  it  tlie  circobtion  U  froia  the  reins  tolbe  arteries,  oris  ia>er(«d. 
It  ii  not  eioctlj  clear  bow  the  circuladon  is  carried  on  in  an  acardiac  fictua.  Un- 
donbtedl;  the  heart  of  one  diild  nuij  influence  the  circuUlioa  in  the  umbilical 
Tonela  of  llie  other,  tn  caaeaof  twins;  for  LaUcinand  baaobscncd  (loe.eit.),  nflct 
the  blnii  of  one  child,  the  eoxl  having  been  divided,  a  regular  pulseiiie  flow  IVom 
tlt«  placental  eilrcmity  of  the  cord,  its  from  a  divided  artery ;  but  wa  find  on 
careful  eiiminatloa  of  the  caie  repotted  bj  Dr.  Houston,  and  an  article  on  tho 
cuebT  Dr.  G.  Cai-reil  UoliandiEilii^r^h  Mud.  and  Swy.  Journal,  lee.  eil.),  DO 
■nIBcienI  erideioe  that  Iho  cireuladon  was  carried  on  by  any  "oipillary  power." 
Kot  being  able  to  regard  as  fads  these  grounds,  on  which  some  have  based  their 
tielief  In  the  existence  of  a  fonie  in  the  clrculatiim  whjeh  is  independent  of  the 
bcMl'*  aellon,  we  have  abstaiaed  from  their  diacosdoo  in  treating  of  ibc  causes 
of  Uw  Ciipillary  dn^ulalion. 
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increased,  that  we  uau  hardly  distingoisli  the  form  uf  tiie 
corpuscles' 

fiijiuence  of  Direct  Irrigation  upon  iAe  Capillary  Cirt^ 
latioti, — Experimental  researches  on  the  effects  of  direct  ini- 
tation  of  the  capillaries,  in  parts  where  the  cirenlation  caa 
l>c  ohserved  micro&copicallj,  have  be€ii  quite  Biimeroiis  since 
Tiiomjjson  studied  the  effects  of  saline  solutions  on  the  vd 
of  tlie  frog's  foot  in  1813,*  The  most  noticeable  papers  oo 
this  Biilijeet  are  those  of  Dr.  Wilson  Philip '  and  llr.  Whartoa 
Joues.'  The  latter  paper,  which  received  the  Afitlej  Coojwr 
prize  for  1850,  is  based  on  very  extended  and  carefidl; 
conducted  obBervationB,  in  wliieh  the  atithor,  by  means  of 
Tarions  irritants,  succeeded  in  producing  very  curious  asd 
interesting  phenomena,  which  he  regarded  as  inSammatonr. 
It  is  not  onr  object  to  discuss  the  nature  of  inflammation,  of 
to  treat  of  the  changes  in  the  character  of  the  capillary  c'ma- 
latioQ  which  are  supposed  to  attend  tliis  condition,  as  thb 
subject  ia  eminently  pathological ;  bnt  it  must  be  remember- 
ed, in  considering  the  effects  of  direct  irritation  on  the  capil- 
lary circulation,  that  the  phenomena  thus  observed  in  cold- 
blooded aniaials  cannot  be  taken  as  absolutely  repreeecting 
the  characters  of  infiammation  in  the  human  subject.  Wlicu 
an  irritation  is  applied  to  a  transparent  part,  the  phenomena 
observed  may  be  due  to  many  causes,  as  the  direct  effects 
upon  the  contractile  elements  of  the  blood-vessels,  ihe  reSex 
action  through  the  nervous  system,  and  the  direct  inSnence 
of  the  application  upon  the  constitution  of  the  blood.  Saline 
or  other  fluids  are  competent  to  modify,  to  a  verj-  ooDsider> 
able  extent,  tlie  composition  of  the  blood,  separated  from  Jt 
only  by  the  thin,  permeable  walls  of  the  vessels ;  and  the 

'  ro;siuiLL£,  op.  cit,  p.  15B  rt  uq. 

'  TaOMPfCS,  Itdura  on  jHjtanimation,  Edinbuigb,  181S. 

'  MfJUo-diirar^Uai  TraniaHUnu,  1823,  ToL  xlL 

■  Ouf-t  HetpUttl  EtpoTls,  vol.  Tii.,  ISSl,  On  At  StaU  of  A»  Btoui  m^  tm 
Blood-tttteli  ill  Injlarninaium,  aicerlaiittd  Ay  ^jitrimailK,  i^ftelioiu,  ««d  Otm^ 
taliani  bg  On  Miemcnpe,  bj  T.  WBAnoM  Jona,  F.  B.  B, 
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jjlienamena  which  follow  their  apiilication  are  necessarily 
very  complex.  The  process  of  iuHniumation  is  by  iio  means 
completely  nnderetood,  liut  it  is  prottj  generally  acknowl- 
edged to  be  a  modification  of  iintrition,  in  a  way  that  we  are 
as  yet  ignorant  of.  We  are  hardly  prepared  to  admit  tJiat 
this  modification,  whatever  it  may  be,  can  be  indaced  under 
our  very  eyea,  simply  by  tbe  application  of  irritants.  With 
these  views,  microscopic  researches  on  the  "  state  of  the  blood 
and  blood-vessels  in  inflammation "  do  not  assume  the  im- 
portance wliidi  is  attributed  to  tbem  by  many  authors. 

Keeping  this  in  mind,  we  may  state  the  following  as  a 
Bommary  of  the  pheoomena  which  have  been  observed  in 
the  capillary  circulation,  aa  the  result  of  irritation  applied  to 
transparent  parts : 

The  application  of  the  irritant  is  immediately  followed  by 
constriction  of  the  arterioles,  and  diminution  in  the  rapidity 
of  the  current  in  them  as  well  as  in  tbe  capillaries. 

This  constriction  of  the  vessels  is  bat  momentary,  if  a 
powerful  iiTitant,  like  a  very  strong  Bolution  of  salt,  bo  used. 
It  is  followed  by  a  dilatation  of  the  vessels,  and  an  increase  in 
the  rapidity  of  the  circulation. 

Soon  after  tlie  vessels  have  become  dilated,  the  rapidity 
of  the  circulation  is  progressively  diminished,  until  oscillation 
of  the  blood  in  the  vessels  takes  place,  which  occurs  when 
tlie  circulation  is  about  to  cease.  This  oscillation  Anally 
gives  place  to  complete  stagnation.  The  vessels  become 
crowded  with  blood,  so  that  the  transparent  layer  next 
their  walls  Is  no  longer  observed.  In  this  condition,  it  has 
been  often  noticed  that  the  proportion  of  colorless  corpuscles 
is  increased. 

Following  the  contraction  and  subsequent  dilatation  of  the 
ve^eU,  there  ia  stasis,  and  engorgement  of  the  parts  which 
lievc  been  exposed  to  irritation.  If  the  irritation  be  dlacon- 
tinued,  this  condition  is  gradually  relieved,  and  the  blood  re- 
sumes its  normal  current. 

In  inflammation,  as  it  ia  observed  in  the  conjunctiva  and 
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other  vascTilar  parts,  there  is  nnqnestionably  oongestioii  of  the 
vessels ;  bnt  there  is  no  positive  evidence  of  stagnation  of 
blood  in  the  parts  as  a  constant  occurrence.  The  circula- 
tion seems,  indeed,  to  be  more  active  than  in  health.  With 
r^ard  to  the  microscopic  phenomena  jost  mentioned,  the 
contraction  of  the  arterioles  is  simply  the  effect  of  a  stimnlu 
npon  their  mnscnlar  coats ;  and  dilatation  takes  place  prob- 
ably in  consequence  of  the  excessive  contraction,  for  it  hu 
been  shown  that  this  condition  of  the  mnscnlar  fibres  is  prettj 
constantly  followed  by  nnnsnal  relaxation.  It  has  never  yet 
been  determined  how  &t  the  stasis  of  the  blood  is  due  to  an 
osmotic  action  of  solutions  employed  in  observations  of  this 
kind. 


CmCULATIOtf 


rV^'^'og"^  onalomj  of  the  v^na — Strength  of  the  coils  of  the  Tcin« — ToItm 
of  the  vdii« — CouiM  of  (he  blood  in  the  vdna — Fresenro  of  blood  in  tbs 
vdos — Rapidity  of  tbc  rcnous  cb-culation — Causes  of  tho  venous  circulalioa — 
InSucnci!  of  muaculu  contmctloo — Air  in  tbc  taoa — Function  of  the  tuIvi-b — 
Tenons  muutomosea — Conditions  nMoli'impede  the  venous  circulation — Be- 
gurgituit  venous  pulse- 

I*hy»ioloffical  Anatomy  of  the  YeiTia. — The  blood,  dis- 
tribated  to  the  capillaries  of  all  the  tissues  and  orgaus  by  the 
arteries,  is  collected  from  these  iiarts  in  the  veins  and  carried 
back  to  the  heart.  In  stmlj'ing  the  anatomy  of  the  capillary 
ByEtent,  or  in  observing  the  passage  of  the  blood  from  the 
capillaries  to  larger  vessels,  in  parts  of  the  living  organisni 
which  can  be  submitted  to  microscopic  examination,  it  is 
Been  that  the  capillaries,  vessels  of  nearly  uniform  diameter 
aud  anastomosing  in  every  direction,  give  origin,  so  to  speal;, 
to  a  ByBtem  of  vessels,  which,  by  union  with  otliers  as  we  fol- 
low their  course,  become  larger  and  larger,  and  carry  the 
blood  away  in  a  uniform  current.  These  are  called  the 
venules,  or  venous  radicles.  ■  'Xhey  are  the  peripheral  radicles 
of  the  numerous  vessels  which  transport  the  blood,  after  it 
has  served  the  purposes  of  nutrition  or  secretion,  to  the  cen- 
tral oi^un, 

The  venous  system  may  be  conaidered,  in  general  terms, 
a  divided  into  two  sets  of  vessels  :  one,  which  'a  deep,  and 
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situated  in  proximity  to  the  arteries ;  and  the  otber,  whicb 
is  superficial,  and  receives  for  the  most  part  the  blood  ft«n 
the  cutaneous  6urface.  The  entire  capacity  of  these  vessels, 
a^  compared  with  the  arteries,  is  very  great.  Ab  a  genenl 
rule,  each  vein  wheu  fully  dbt«aded  is  larger  than  its  adja- 
cent artery.  Many  arteries  are  accoajpaaied  by  two  rdiBt 
as  the  arteries  of  the  extremities ;  while  certain  of  thein,  like 
the  brachial  or  Bpermatic,  have  more  than  two.  Added  to 
these  is  the  enperficial  system  of  veins  which  have  no  corre- 
sponding arteries.  It  is  true  that  some  arteries  have  no  cor- 
responding veins,  bnt  examples  of  this  kind  are  not  sufficient- 
ly numerous  to  diminish,  in  any  marted  degree,  the  great 
preponderance  of  the  veins,  both  in  number  and  volume.  It' 
is  impossible  to  ^ve  an  accurate  estimate  of  the  extreme  c» 
pacity  of  the  veins  as  compared  with  the  arteries;  but  from 
the  b^t  information  we  have,  it  is  several  times  greater. 
Borelli  estimated  that  the  capacity  of  the  veins  was,  to  tba 
capacity  of  the  arteries,  as  4  to  1 ;  and  Haller,  as  SJ  to  1. 
The  proiKirtion  is  very  variable  in  different  parts  of  the  body. 
In  some  situations  the  capacity  of  the  veins  and  arteries  i>^ 
about  equal ;  while  in  others,  as  in  the  pia  mater,  accoiding^ 
to  the  researclies  of  Birschfeld,  tlie  veins  will  contain  lix 
times  as  mnch  as  the  arteries.' 

In  attempting  to  compare  the  quantity  of  blood  ni 
circulating  in  the  veins,  with  that  contained  in  tlie  arteries^ 
such  variations  in  the  venons  system  at  different  ttmee  aiid> 
in  different  parts,  both  in  the  quantity  of  blood,  rapidity  of 
circulation,  pressure,  etc.,  are  found,  that  a  definite  esUnute 
is  impossible.  It  wonld  be  unphilosophical  to  attempt  sn 
approximate  comparison,  as  tho  variations  in  the  venous  cir- 
cnlation  constitute  one  of  its  greatest  and  most  iiuportant 
physiological  peculiarities,  which  must  I>e  fiiUy  appreciated 
in  order  to  form  a  jtist  idea  of  the  fimction  of  the  veiaa 

'  BtOABD.  Court  fb  Phgtiokffk,  Paris,  1893,  tome  It.,  p.  7.  Tbe 
in  tlie  ercciilc  lisjuca  will  be  sepiuulelj  con^ilered,  and  no  Boooimt  ii 
or  the  i«lkiire  opHCil?  of  veiiu  uid  uteiies  in  than. 


Tlie  artu-ried  nre  always  fall,  nnd  their  tension  is  eiilvject  to 
comparatively  sligbt  variations.  Following  the  blood  into 
tlie  capillariea,  there  are  the  immeiiae  variations  in  the  circa- 
tntion  willi  varying  physiological  conditions  of  the  parts, 
trbich  we  have  already  noted.  As  ebonld  naturally  be  ex- 
pected, the  condition  of  the  veins  varies  with  the  changes  in 
the  capillaries,  from  which  the  hloml  is  taien.  In  addition 
to  this,  tliere  are  independent  variations,  as  in  the  erectile 
tissues,  in  the  veins  of  the  alimentary  canal  during  absorp- 
tion, in  veins  subject  to  pressure,  etc. 

Following  the  veins  in  their  course,  it  is  observed  that 
anastomoses  with  each  other  form  tho  rule  and  not  the 
exception,  as  in  the  arteries.  There  are  always  a  number  of 
chamiels  by  which  the  blood  may  be  returned  from  a  part ; 
and  if  one  vessel  be  obstructed  from  any  cause,  the  current 
is  Nmply  diverted  into  another.  Tho  veins  do  not  present  a 
true  anastomosing  plexus,  such  as  exists  in  tho  capillary  sys- 
tem, but  simply  an  arrangement  by  which  the  blood  can 
easily  find  its  way  back  to  the  heart,  and  by  which  the  ves- 
eels  may  accommodate  tbemselvea  to  the  immense  variations 
ia  the  quantity  of  fluid  contents  to  which  they  are  liable. 
This,  with  the  peculiar  valvular  arrangement  in  all  but  the 
veins  of  the  cavities,  provides  against  obstruction  to  the  flow 
of  blood  tlirough,  as  well  as  from,  the  capillaries,  in  which 
it  seems  essential  to  the  jiroper  nutrition  and  function  of 
parts,  tliat  the  quantity  and  course  of  the  blood  should  be 
r^nlatcd  exclusively  through  the  arterial  system.  Special 
sllofiion  to  the  difl'erent  venous  anastomoses  belongs  to  de- 
scriptive anatomy.  Physiologically,  the  communication  be- 
tween the  different  veins  is  such  that  the  blood  can  always 
find  a  way  to  the  heart,  and  once  fairly  out  of  the  capillaries, 
it  c&nnot  react  and  influence  the  circulation  of  frv&b  blood  in 
the  tiaeaes. 

Collected  in  this  way  from  all  parts  of  the  body,  the  blood 
is  returned  to  the  right  auricle,  from  the  head  and  upper 
extremities,  by  the  superior  vena  cava,  from  the  trunk  and 
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lower  e:£tremities,  by  tbe  inferior  vena  cava,  and  from  th* 
SQl)staticc  of  tlie  heart,  by  the  coronary  Terns. 

Structure  and  Properties  of  the  Veinii. — The  stradttie  of 
tlie  reins  is  somewhat  more  complex  and  difficalt  of  stiuly  thaa 
thut  of  tlie  artoriea.  Their  wslls,  which  are  alwa_v3  maA 
thinner  than  the  walls  of  the  arteries,  nioy  be  die itied  inte 
quite  a  number  of  layfers ;  bat  for  convenience  of  phr&iolo^ 
cal  deacriplion,  we  shall  regard  them  ub  presenting  three  di*' 
tinct  coats.  These  have  properties  whieh  are  tolerably  dieting 
tive,  tbongh  not  as  nmdi  bo  aa  the  three  coats  of  the  ait«riefi. 

Tlte  itii^rtial  coat  is  a  continuation  of  the  gingle  coat  of 
the  capillaries  and  the  internal  coat  of  the  arteries.  It  ii  • 
simple,  homogeneons  membrane,  somewhat  thinner  than  il 
the  arteries,  lined  by  a  delicate  layer  of  epithclinm. 

The  middle  coat  is  divided  by  some  into  two  laycn:  ai 
internal  layer,  whicli  is  composed  chiefly  of  loDgitodbi 
fibres ;  and  an  external  layer,  in  which  the  fibres  buvo  B  etl 
cular  direotion.  These  two  layers  are  intimately  adhcnml 
and  are  quita  closely  attached  to  tlio  internal  coau 
longitudinal  fibres  are  composed  of  the  white  fibmmi 
mingled  with  a  large  namber  of  the  smallest  vario^  oC 
elastic  fibres.  This  layer  contains  a  large  number 
lary  vessels  (vasa  vasorum).  The  circular  filffCB 
posed  of  the  elastic  tissue,,  some  of  the  same  variety 
in  the  longitudinal  layer,  some  of  nicdium  Eize, 
the  form  of  the  "  fenestrated  membrane."  In  addil 
are  white  inelastic  fibres  interlacing  in  every 
mingled  with  capiUarj*  blood-veeeeb,  and  the  nnstrii 
iiiTolanlary  mnscnlar  fibres,  which  are  always  circular 
their  direction.  The  mnscnlar  fibres  are  relatively  tni 
lees  numerous  than  in  the  arterial  sy&tem.  Tbey  are 
abnndant  in  the  superficial  veins, 

T/ie  extenuU  coat  is  generally  composed  simply  of 
white  fibrous  tisane,  like  the  corresponding  coat  of  tlio  arte- 
ries.    In  the  largest  veins,  particularly  those  of  the  abdouimal 
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jarity,  thia  coat  contains  a  layer  of  longitndinol  unstriped 
mn^nlar  fibres.  In  the  veins  near  tlie  heart,  are  toDnd  a  few 
striated  fibres,  which  are  continued  on  to  the  veins  from  the 
auricles.  In  some  of  the  inferior  animals,  as  the  turtle,  these 
fibres  (ire  quite  thick,  and  puliation  of  the  veins  in  the  imme- 
diate vicinity  of  the  heart  is  very  marked. 

In  nearly  all  veins,  the  external  coat  is  several  times 
thicker  than  tlie  internal.  Tliis  is  most  marked  in  the  larger 
veins,  in  which  the  middle  coat,  particularly  the  layer  of 
muscular  fibres,  is  very  slightly  developed. 

In  what  are  called  the  veiiuus  sinuses,  and  in  the  veins 
ffbtch  pass  tlirough  bony  tissue,  wo  liave  only  the  internal 
coat,  to  which  are  superadded  a  few  longitudinal  fibres,  the 
whole  closely  attached  to  the  surrounding  parts.  As  exam- 
ples of  this,  may  be  mentioned  the  sinuses  of  the  dura  mater, 
and  tlie  veins  of  the  large  bones  of  the  skull.  In  the  first  in- 
stance, there  is  little  more  than  the  internal  eoat  of  the  vein 
firmly  attached  to  the  surrounding  layers  of  the  dura  mater. 
In  the  second  instance,  the  same  thin  membrane  is  adherent 
to  bony  canals  formed  by  a  layer  of  compact  tissue.  The 
veins  are  much  more  closely  adherent  to  the  surrounding  tis- 
sues than  the  arteries,  particularly  when  they  pass  between 
layers  of  aponeurosis.  This  fact  has  been  pointed  out  by 
B^rard'  as  very  general,  and  is  one  to  which  he  attacbos 
con&iderable  physiological  importance.  Ho  considers  that 
tills  arrangement  serves  to  keep  the  veins  open  and  give 
tbetn  additional  strength. 

The  above  peculiarities  ia  the  anatomy  of  the  veins  indi- 
cate considerable  differences  in  tbeir  properties,  as  compared 
with  the  arteries.  When  a  vein  is  cut  across,  its  walls  fall 
together,  if  not  supported  by  adhesions  to  surrounding  tis- 
sues, BO  that  ita  caliber  is  nearly  or  quite  obliterated.  The 
yellow  ehkstic  tissue,  wliich  gives  to  the  larger  arteries  their 
great  thickness,  is  very  scanty  in  the  veins,  and  tlie  thin 
walls  collapse  when  not  sustained  by  liquid  in  the  interior  of 
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tlie  Te«e1s.  Whenever  the  veins  remain  open  after  Gectiou, 
it  is  gn  account  of  tbeir  attncliment  1o  eiurounding  tistt^ 
and  is  not  due  to  the  walh  of  the  vesaels  themselves. 

Tltough  with  much  thinner  and  apparently  mnch  weaker 
walls,  the  veins,  as  a  rule,  veiW  resist  a  greater  pressure  tliu 
the  arteries,  Obeervationa  on  the  relative  Btreng;th  of  the 
arteries  and  veins  were  made  by  Hales,'  hnt  the  mott  ex- 
tended cxperimentfi  on  the  sabject  were  made  by  Cliftot 
"Wintringham,  in  17+0.'  This  observer  ascertained  that  tlie 
inferior  vena  cava  of  a  slieep,  just  above  the  openin|r  of 
the  renal  veins,  was  roptured  by  a  pressure  of  176 
while  the  aorta  at  a  corresponding  point  yielded  to  a  presGon 
of  158  jiounds.  The  strength  of  the  i>ortjil  rein 
greater,  supporting  a  presenre  of  nearly  5  atmos] 
ing  a  relation  to  the  vena  cava  of  6  to  5 ;  yet  thi 
had  hardly  one-fifth  the  thickness  of  the  arteries, 
lower  extremities  in  the  hnman  subject,  the  veins  are' 
thicker  and  stronger  than  iu  other  situations,  a  provkioa 
against  the  increased  pressure  to  which  they  are  habitoally 
Bubjecteil  in  the  upright  posture.  Wintringham  noUctd 
singular  exception  to  the  general  rule  just  g^ven.  In  the 
vessels  of  the  glands,  and  of  the  spleen,  the  strength  of  tbs 
arteries  was  much  greater  than  tliat  of  the  veins.  The  spfenio 
vein  gave  way  under  a  pressure  of  little  more  than  one 
phere,  while  the  artery  supported  a  pressure  of  more  than 
sL«  atmospheres, 

A  little  reflection  on  the  iuflueneee  to  which  the  venooa 
and  arterial  circulation  are  subject  will  enable  us  to  tmdi^ 
stand  the  physiological  importance  of  the  great  difference  in 
the  tenacity  of  the  two  varieties  of  vessels.    It  is  true  that 
tlie  arterial  system  the  constant  presenre  is  greater  than  ta 

'  Sadral  Ea^,  tdL  u.,  p.  IE4  ■<  leq.  Tbew  abMmdtnu  ti 
htvMry.  lo  b  cue  where  Iha  Btrm^h  uf  the  ouvtid  uid  jngi 
pared,  b  a  mare,  the  carotid  siutointd  tile  grwtcr  pmaore ;  Irat 
[he  jugnUr  bad  been  weakened  by  repeated  reDesectloDa. 

*  liEo^Bi),  tip.  tit.,  tome  It^  p.  H  d  irg 
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the  veins;  but  it  is  nearly  tlie  same  in  all  the  vessels,  and 
the  immense  extent  of  the  outlet  ioto  the  capiUariea  provides 
a^inst  any  very  great  increase  in  pressure,  so  long  as  tho 
blood  is  in  a  condition  which  enables  it  to  pass  into  the  ca- 
pillaries. The  mnseular  fibres  of  the  left  ventricle  have  but 
a  limited  power,  and  when  the  pressure  in  the  arteries  is 
finch,  as  it  sometimes  is  in  asphyxia,  as  to  close  the  aortic 
valves  so  firmly  that  the  force  of  tlie  ventricle  will  not  open 
thorn,  it  cannot  be  increased.  At  the  same  time  it  is  boin^ 
gradnaiiy  relieved  by  the  capillaries,  through  which  tbe  blood 
slowly  filters,  even  when  completely  uiiaerated.  With  tlie 
veins  it  is  different.  Tbe  blood  has  a  comparatively  restrict- 
ed outlet  at  the  heart,  and  is  received  by  the  capillai'ies  from 
all  parts  of  the  system.  The  vessols  are  provided  with  nu- 
merous valves,  which  render  a  general  backward  action  im- 
possible. Thus,  restricted  portions  uf  the  veuous  system, 
froio  pressure  in  the  vessels,  increase  of  fluid  from  absorption, 
accamulation  by  force  of  gravity,  and  other  causes,  may  be 
enljccted  to  great  and  eudden  variations  in  pressure.  The 
great  strength  of  these  vessels  enables  them  ordinarily  to 
suffer  these  variations  withont  injury;  though  varicose  veins 
ia  various  parts  present  examples  of  tbe  effects  of  repeated 
and  continued  distention. 

The  veins  possess  a  considerable  degree  of  elasticity, 
though  this  property  is  not  as  marked  as  it  is  in  the  arteries. 
If  we  inchide  between  two  ligatures  a  portion  of  a  vein  dis- 
tended with  blood,  and  make  a  small  opening  in  tbe  vessel, 
the  blood  will  be  ejected  with  some  force,  and  the  veesel  be- 
comes very  much  reduced  in  caliber. 

It  has  been  proven  by  direct  experiment  that  tlie  veins 
ore  endowed  with  that  peculiar  contractility  which  is  char- 
acteristic of  the  action  of  the  unstriped  muscular  fibres.  On 
the  application  of  galvanic  or  mechanical  excitation,  they 
COQtract  slowly  and  gradually,  the  conti-action  being  follow«i 
by  a  correspondingly  gradual  relaxation.  There  is  never  any 
riiytlimicsl  or  peristaltic  movement  in  the  veins,  wliich  is 
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competent  to  assist  tlie  cireuUtion.'    Tlie  only  tegnUr  man 
ments  vrbicli  occur  are  seen  in  the  vessels  in  immediate  pnu^^ 
imity  to  tJie  right  auricle,  wWcli  are  provided  with  a  few 
fibres  similar  to  those  which  exist  in  the  walla  of  the  heart. 

Nerves,  chiefly  from  the  sympathetie  system,  have  littA 
demonstrated  in  tlie  w&tti  of  the  lar^r  veins,  bat  have 
been  followed  out  to  the  smaller  ramitications. 

Yalves  of  the  Yeina, — The  discovery  of  the  valves  of  tbl 
veina  had  already  been  alluded  to  in  connection  with  the  bi»^ 
tory  of  the  discovery  of  the  circulation.  They  bad  ondotilA- 
edly  been  observed  in  various  parts  of  the  venouE  system  by 
Cananius,  and  found  very  generally  distribnted  tbronghogt 
this  system  by  Piccolomini,  the  last  named  anatomist  having 
published  an  account  of  them  in  15SC ;  but  Fabrictus,  thi 
greatest  anatomist  of  his  day,  had  the  good  fortune  to  iata 
onstrate  tbera  to  his  illustrious  pupil  W^illiam  Harvey, 
whose  immortal  discovery  indicated  their  physiological  im 
portance.  Being  ignoraut  of  the  observations  of  his  pfeda 
cessors  on  this  subject,  Fabrieius  announced  himself  as  thei 
discoverer,  and  is  generally  so  regarded.  In  all  parta  of  tL< 
venous  system,  except,  in  general  terms,  in  the  abdominaL 
thoracic^  and  cerebral  cavities,  there  exist  little  tDembratioiil 
semilunar  folds,  resembling  the  aortic  and  puhnonic  valves  a 
tlie  heart.  When  distended,  the  convexities  of  these  valvi 
look  toward  the  periphery.  In  the  great  majority  ofinstatKM 
the  valves  exist  In  pairs,  hot  are  occasionally  found  in  groap 
of  three.  They  arc  formed  of  the  delicate  lining  membrai 
of  the  veins,  with  the  internal  or  longitudiual  layer  of  U 
middle  coat.  Some  transverse  tibrcs  ara  found  around  tl 
base  of  the  valves,  and   a  few  muscular  libres  have  ha 

'  TMj  stitemenl  applies  putioulu'lj  to  Ilia  huiQEm  subject.  SdulThuMllc 
rhjthmiaal  oontraciumi  of  the  tods  ]□  the  cu  of  a  nilibit  (Lonhet,  TVntf 
Phgiiidogii,  Ptij«,  1661,  totno  i.,  p.  67C),  tuA  Ur.  Whirton  Jonea  hu  oImkt 
the  game  Dhcnamenaii  in  the  wing  of  (lie  but  {Todd  ud  Bowuas,  J'tmialafii 
Anatomy,  Am.  eiL  1867,  p.  703,  note).  There  is  no  eriijeocc  tlml  tliii  M  gam. 
m  thst  it  has  any  influence  in  fator  of  the  drculstion. 
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traced  luto  tlieir  tblds.  There  exists,  also,  a  fibrous  ring  fol- 
lowing tlie  line  of  attachment  of  the  valvular  curtains  to  the 
i-ciu,  which  renders  the  vessel  miidi  stronger  and  less  dilata- 
Me  here  tlum  in  the  epaces  between  the  valves.  The  valvea 
are  by  far  the  must  numerous  in  the  veins  of  the  lower  ex- 
tremities.  They  are  generally  situated  just  below  tho  point 
where  a  small  vein  empties  into  one  of  larger  size,  so  tliattbe 
blood,  as  it  payees  tn,  finds  an  immediate  obstacle  to  passage 
in  the  wrong  direction.  The  situation  of  the  valves  may  be 
readily  observed  in  any  of  the  superficial  veins.  If  the  flow 
of  blood  be  obstructed,  little  knots  will  be  formed  in  the  con- 
gested vessels,  which  indicate  the  position  and  action  of  the 
TllveB.  The  simple  experiment  of  Harvey,  already  referred 
to,  presents  a  striking  illustration  of  the  action  of  ^e  valves. 
"When  the  vein  is  thus  congested  and  knotted,  if  the  finger  he 
preesed  along  the  vessel  in  the  direction  of  the  blood  current,  a 
portion  situated  between  two  valves  may  be  emptied  of  blood ; 
bot  it  is  impossible  to  empty  any  portion  of  the  vessel  by 
pressing  the  blood  in  the  opposite  direction.  On  slitting 
open  a  vein,  we  observe  the  shape,  attachment,  and  extreme 
delicacy  of  sti'ucture  of  the  valves.  "When  the  vessel  is 
empty,  or  when  fluid  moves  toward  the  heart,  they  are  closely 
applied  to  the  walls ;  but  if  liquid  or  air  be  forced  in  the 
opposite  direction,  tliey  project  into  its  caliber,  and  by  the 
application  of  their  free  edges  to  each  other,  eftectually  pre- 
vent any  backward  current.  Fabricios  noted  the  follomng 
pocnliarity  in  tho  arrangement  of  the  valves.  When  closed, 
the  application  of  their  free  edges  forms  a  line  which  runa 
across  the  vessel ;  it  is  found  that  in  successive  sets  of  valves 
these  lines  are  at  right  angles  to  each  other,  so  tbat  if  in  one 
set,  this  lino  has  a  direction  fi'om  before  backwards,  in  the 
sets  above  and  below  the  lines  run  from  side  to  side. 

Tliei'o  are  certain  exceptioi^  to  the  general  proposition 
tliat  tlie  veins  of  the  great  cavities  are  not  provided  with 
vslvra.  Valves  are  found  in  the  portal  s^-atem  of  some  of 
the  inferior  animals,  as  the  tiorse.     They  do  not  exist,  how- 
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The  veins  form  a  system  whieli  is  adapted  to  the  re- 
cnm  of  blood  to  the  heart  in  a  comparatively  slow  and 
unequal  current.  Distention  of  certain  portions  is  pro- 
vided for;  and  the  vessels  are  so  protected  with  valves, 
that  whatever  influences  the  current  must  favor  ita  flow  in 
the  direction  of  the  heart.  It  is  a  system  which  is  cal- 
culated to  receive  the  blood  from  the  parts  after  it  has 
become  unfit  for  nutrition,  and  pass  it  in  the  requisite 
quantity  to  the  lungs,  through  the  right  side  of  the  heart, 
for  regeneration. 

Course  of  the  Blood  in  the  Veins. — The  experiments  of 
Hales  and  Sharpey,  showing  that  defibrinated  blood  can  bo 
made  to  pass  from  the  arteries  into  the  capillaries  and  out  at 
the  veins  by  a  pressure  less  than  that  which  exists  in  the 
arterial  system,  and  the  observations  of  Magcndic  upon  the 
circulation  in  the  leg  of  a  living  dog,  showing  that  ligation 
of  the  artery  arrests  the  flow  in  the  vein,  points  which  have 
already  been  fully  discussed  in  treating  of  the  causes  of  the 
capillary  circulation,  have  established,  beyond  question,  the 
fact  that  the  force  exerted  by  the  left  ventricle  is  sufficient  to 
account  for  the  venous  circulation.  The  heart  must  be  con- 
sidered the  prime  cause  of  all  movement  in  these  vessels. 
Regarding  this  as  definitely  ascertained,  there  remain  to  con- 
sider, in  the  study  of  the  course  of  the  blood  in  the  veins,  the 
character  of  the  current,  the  influence  of  the  vessels  them- 
selves, and  the  question  of  the  existence  of  forces  which  may 
assist  the  vis  a  tergo  from  the  heart,  and  circumstances  which 
may  interfere  with  the  flow  of  blood. 

As  a  rule,  in  the  normal  circulation,  the  flow  of  blood  in 
the  veins  is  continuous.  The  intermittent  impulse  of  thie 
heart,  which  progressively  diminishes  as  we  recede  from  this 
oi^an,  but  is  still  felt  even  in  the  smallest  arteries,  is  lost,  as 
we  have  seen,  in  the  capillaries.  Here,  for  the  first  time,  the 
blood  moves  in  a  constant  current ;  and  as  the  pressure  in  the 
arteries  is  continually  supplying  fresh  blood,  that  which  has 
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ever,  in  tliia  Bittiation  la  the  fanman  snliject.  GeoenH;,  in 
following  oat  the  branches  of  the  inferior  vena  cava,  no 
valves  are  foand  until  we  come  to  the  emral  Vein;  but  ocw- 
sioually  there  is  a  double  valve  at  the  origin  of  the  ext^iitl 
iliae.  In  some  of  the  inferior  animals,  there  exists  constantly 
a  single  valvular  fuld  in  the  vena  cava  at  the  opening  of  tl*e 
hepatic,  and  one  at  the  opening  of  the  renal  vein,  Tliia 
not  constant  in  the  human  Bubject.'  Valves  are  fonnd  in  tbe 
spermatic,  but  not  in  the  ovarian  veins.  A  single  valvular 
fold  has  been  described  by  Dr.  J.  H.  Brinton,  at  the  opening 
of  the  right  spermatic  into  the  vena  cava.'  There  are  two 
valves  in  the  azygos  vein  near  its  opening  into  the  soperior 
vena  cava.  There  is  a  Bingle  valve  at  the  orifieo  of  tba 
coronarj'  vein.  There  are  no  valves  at  the  openings  of  tbs 
brachio-cepbalic  into  the  superior  vena  cava;  but  tliere  h  a 
strong  double  valve  at  the  point  where  the  internal  jugular 
opens  into  the  brachio-cepbalic.  Between  tliia  point  and  tba 
capillaries  of  the  brain,  the  ve^els  are  entirely  deprivied  of 
valves,  except  in  very  rare  instances,  when  one  or  two  an 
fomid  in  the  course  of  the  jngnlar. 

In  addition  to  tlie  double,  or  more  rarely  triple,  valvM 
which  have  just  been  described,  there  is  another  variety, 
found  in  certain  parts,  at  the  point  where  a  tribatory  veia 
opens  into  a  main  trunk.  This  consists  of  a  eingle  fold  which 
is  attached  to  the  smaller  vessel,  but  projects  into  tlie  larger. 
Its  action  is  to  prevent  regiitptation,  by  the  same  mechaniein 
as  the  ileo-accal  valve  prevents  the  passage  of  matter  frotn 
the  large  into  the  small  intestine.  These  valves  arc  touch 
less  numerous  than  the  first  variety. 

'  Dr.  Crisp,  of  Eaglaod,  fans  deMrilxiil  cmItm  la  llia  splmli;  rt\ta  in  boow  « 
the  inferior  uiimols.  lu  one  of  the  myenteric  rrins  of  llie  reindoer,  ht  tttvn 
Cocij-Wo  pairs  of  rulvee  {.Vta  York  Utiieai  Jinwno/,  April,  1860.  p.  67). 

*  Daeription  of  a  Vaht  at  the  Trrminatim  of  At  Rigid  Sftrtrnttit  Vm 
to  (b  Ttna  Oi'o,  v\tK  Rtmaria  en  lYa  Itelatiim*  to  Varuotrlt.  Br  J4UDI I 
Brixto«,  M,  D.  American  Jmtnal  of  Ihe  Mediral  Srirnef,  Julj,  I8S(,  71 
lirewooe  of  this  t^Iti^  xvonling  lo  Dr.  Briatan.  rtplaiiu  Ifie  moit  ftcjooal  w 
cuntnoc  of  raricocck  on  ibc  righl  ^idc 
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The  veins  form  a  BTstem  whicli  is  adapted  to  tlie  re- 
turn of  blood  to  the  heart  in  a  comparatively  slow  and 
DDeqnal  current.  Distention  of  certain  portions  is  pro- 
Tided  tor ;  and  the  vessela  are  so  protected  with  valves, 
that  whatever  influencea  tlie  current  must  favor  itii  flow  iii 
the  direction  of  tiie  heart.  It  ia  a  system  which  is  cal- 
culated to  receive  the  blood  from  tlie  parts  after  it  hn« 
become  mifit  for  nutrition,  and  pass  it  in  tlie  requisite 
qoantity  to  the  lungs,  through  the  right  side  of  the  heart. 
for  regeneration. 

Course  of  tJie  Blood  in  the  Veine. — The  experiinenta  of 
Hales  and  Sharpey,  showing  that  defibrinated  blood  can  bo 
made  to  pass  from  the  arteries  into  the  capillaries  and  out  at 
the  veins  by  a  pressure  less  than  that  wliich  exists  in  the 
arterial  system,  and  the  observations  of  M^endie  upon  the 
circulation  in  the  leg  of  a  living  dog,  showing  that  ligation 
of  the  artery  arrests  the  flow  in  the  vein,  points  which  have 
already  been  fully  discussed  in  treating  of  the  causes  of  the 
capillary  circulation,  have  established,  beyond  question,  the 
fact  that  the  force  exerted  by  the  left  ventricle  is  sufficient  to 
account  for  the  venous  circulation.  The  heart  must  be  con- 
sidered the  prime  cause  of  all  movement  in  these  vessels. 
Regarding  this  as  definitely  ascertained,  there  remain  to  con- 
eider,  in  the  atudy  of  the  course  of  the  blood  in  the  veins,  the 
character  of  the  current,  the  influence  of  tho  vessels  tliem- 
selvee,  and  the  question  of  the  existence  of  forces  which  may 
aeaist  the  vt«  a  tergo  from  the  heart,  and  circumstances  which 
may  interfere  with  the  flow  of  blood. 

As  a  rule,  in  the  normal  circulation,  the  flow  of  blood  in 
the  ^"eins  is  contiimous.  The  intermittent  impuW  of  the 
heart,  which  progressively  diminishes  as  we  recede  from  this 
oi^n,  but  is  still  felt  even  in  the  smallest  arteries,  is  lost,  as 
we  have  seen,  in  tho  capillaries.  Here,  for  the  first  time,  the 
blood  moves  in  a  constant  current ;  and  as  the  pressure  in  the 
ortenes  is  continually  supplying  fresh  blood,  that  which  has 
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eircttlateil  in  tlio  capillaries  is  forced  into  the  venous  radicle*  [ 
iu  &  steady  sti-eaoi.    As  tlie  snpply  to  the  capillaries  of  differ- 
ent piirtB  is  regulated  by  the  action  of  the  small  arteries,  nntl  f 
as  this  supply  is  snbjeet  to  great  variations,  tliere  must  nece*-  j 
sarily  bo  i-orreaponding  variations  in  the  intensity  rf  the  I 
current  in  the  veins,  and  the  quantity  of  blood  vhicfa  these  I 
vessels  receive.    As  we  should  anticipate,  then,  the  venons  I 
circulation  is  subject  to  very  great  variations  arising  from  ir^  I 
regularity  in  the  supply  of  blond,  aside  from  any  action  of  ' 
the  vessels  themselves,  or  any  external  disturbing  infiaenc^.   i 
A  great  variation  in  the  venons  current  is  observed  in  the 
veins  ivln'ch  collect  the   blood   frora   the  intestinal   canal. 
During  the  intervals  of  digestion,  these  vessels  corr^'  a  coin-  j 
paratively  small  quantity  of  blood ;  but  during  digestion, 
they  are  laden  with  the  fluids  received  by  absorption,  and  the  ] 
quantity  is  immensely  increased. 

It  often  happens  that  a  vein  becomes  obstructed  from 
some  cause  wlndi  is  entirely  physiological,  as  the  action  of 
muscles.  The  immense  number  of  veins,  as  compared  with 
the  arteries,  and  their  free  coramnnications  with  each  otber, 
provide  tliat  the  current,  under  these  circumstances,  is  eiai- 
ply  diverted,  passing  to  the  heart  by  another  channel.  When 
any  part  of  the  venous  system  is  distended,  the  vessels  react 
on  the  blood,  and  exert  a  certain  influence  on  the  current, 
always  pressing  it  toward  the  heart,  for  the  valves  oppose  the 
flow  in  the  oi)poaite  direction. 

The  intermittent  action  of  the  heart,  which  pervades  the 
whole  arterial  system,  is  generally  absorbed,  as  it  were,  in 
the  passage  of  the  blood  through  the  capillaries ;  bat  when 
the  arterioles  of  any  part  are  very  much  relaxed,  the  impulso 
of  the  central  organ  may  extend  to  the  veins,  Bernard  hM 
shown  this  in  the  most  striking  manner,  in  his  well-known 
experiments  on  the  circulation  in  the  glands."  When  the 
glands  are  in  physiological  activity,  the  quantity  of  blood 

'  Bernari',  lAqiddta  dt  VOrgaaitme,  Pari«,  tome  L,  p.  SOI ;  uid  Jom-nal  A 
fAnatomU  d  dt  la  Phgliologie,  StptvnibrG,  1964,  p.  S»T  ft  *iy. 
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which  they  receWe  is  very  much  increased.  It  is  then  fnr- 
Qiahed  to  eupply  iimterial  lor  ttie  secretion,  and  not  esclu- 
eirdr  for  nntrltion.  If  the  vein  be  opened  at  sneh  a  time,  it 
13  found  fliat  the  blood  lias  not  lost  its  arterial  character,  that 
the  qnnntity  which  escapoa  ia  mueh  inereased,  and  the  flow 
is  in  an  internnttent  jet,  as  from  a  divided  arterj-.  This  b 
(Ine  to  the  relaxed  condition  of  the  arterioles  of  the  part,  and 
the  phenomenon  thos  observetl  is  the  true  vonous  pulse. 
What  thus  occurs  in  a  restrictefl  portion  of  the  circulatory 
ayetem  raay  tuke  place  in  all  the  veins,  tliongh  in  a  less 
marked  d^ee.  Physicians  Lave  frequently  noticed,  after 
the  blood  has  been  flowing  for  some  time,  in  the  operation  of 
veneecction,  that  the  color  changes  from  black  to  red,  and 
tlie  stream  becomes  intermittent,  often  leading  the  operator 
to  fear  that  lie  has  pricked  the  artery.  In  all  probability 
the  phenomenon  is  due  to  the  relaxation  of  tho  arterioles,  as 
one  of  tlie  effects  of  abstraction  of  blood,  producing  the 
same  condition  that  had  been  noted  in  some  of  the  glands 
during  their  functional  activity.  Tlie  h^-pothesis  that  it  is 
doo  to  an  impulse  from  the  adjacent  artery  is  not  admissible. 
Except  in  the  veins  near  the  heart,  any  pulsation  which  oc- 
curs is  to  be  attributed  to  the  force  of  the  heart,  transmitted 
with  unusual  fucUity  through  the  capillary  system.  A  nearly 
nnitbrm  current,  however,  is  the  rule,  and  a  marked  pulsation 
the  rare  exception.  Mr,  T.  W.  King,  in  an  article  on  the 
"  Safety- Valve  of  the  Human  Heart," '  discussing  the  forces 
whicli  concur  to  produce  the  venous  circulation,  mentions 
the  fact  that  in  some  individuale,  after  a  full  meal,  pulsation 
can  he  observed  in  the  veins  of  the  hand  or  the  median  veins 
of  the  forehead.  This  plionomenon  is  very  delicate,  and,  to 
make  it  more  apparent,  ho  employed  a  tliread  of  black  seal- 
ing wax  about  two  inches  long,  which  was  fixed  across  the 
vein  of  the  back  of  the  hand  with  a  little  tallow,  so  as  to 
make  a  long  and  excessively  light  lever,  capable  of  indicating 
a  verj"  slight  movement  in  the  vessel.  In  this  way  he  dera- 
'  Gv^'t  HtupUal  Ktjmrti,  163". 
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onstrated  pulsation  in  the  veins  of  the  hand,  and  also 
t)ie  arm,  foot,  and  leg.  These  movements  are  very  slight, 
and  are  generally  only  appreciable  by  some  sach  delicsto 
menus  of  investigation.  This  is  a  strong  argument  in  oppo- 
sition lo  the  opinion  of  those  wbo  regard  the  action  of  the 
heart  as  inoperative  in  tlie  veins.  la  certain  cases  of  dtseftf». 
Mr.  King  has  noted  very  marked  pulsation  ia  the  veins  uf 
the  hack  of  the  hand,  and  other  vessels  far  removed  from 
the  heart. 

Pres^ire  of  Blood  ■in  the  Veins. — The  pressure  in  ihd 
veins  is  aluays  much  less  than  in  the  arterie&  It  ia  exceed- 
ingly variable  in  different  parts  of  the  venous  system,  and  in 
the  same  part  at  different  times.  As  a  rule,  it  is  in  inversa 
ratio  to  the  arterial  pressure.  Whatever  favors  tlie  parage 
of  blood  from  the  arteries  into  the  capillaries  has  a  tendency 
t3  diminish  the  arterial  pressure ;  and,  as  it  increases  the 
quantity  of  blood  whicli  passes  into  the  veins,  mast  increaaQ 
the  venous  pressure.  The  great  capacity  of  the  venous  6j-»- 
tem,  its  numerous  anastomoses,  the  presence  of  valves  vhlch 
may  shut  off  a  portion  from  tlie  rest,  are  circumstRUccs  wkivji 
involve  great  variations  in  pressure  in  different  vessels.  It 
has  been  ascertained  by  Yolkniann,  and  this  has  been  coo- 
firmed  by  others,  that  as  a  rule  the  pressure  is  diminished  as 
we  pass  from  the  peripliery  toward  the  heart.  Iq  an  obec^ 
vation  on  the  calf,  lie  found  that  with  a  pressure  of  aboot  6*5 
inches  of  mercury  in  the  carotid,  the  pressure  in  the  metac 
tarsal  vein  was  1-1  inch,  and  but  0*36  in  the  jugular."  Tbo 
pressure  is,  of  course,  subject  to  certain  variations.  Mitscular 
effort  has  a  marked  inflnence  on  the  force  of  the  circnlation 
in  certain  veins,  and,  consequently,  in  these  vessels  produces 
an  elevation  in  the  pressiu*e.  As  tlie  reflnced  pressure  in  tba 
veins  is  due  in  a  measure  to  the  great  relative  capacitr  of 
the  venous  system,  and  the  tree  communications  between  tlie 
vcsEels,  it  would  seem  that  if  it  were  possible  to  reduce  tfafl 

'  Uiuce-Edwakm,  Criwnj  mr  ta  Phi/iiolojfie,  Firis,  1B69,  tome  lv„  p.  »2f. 
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fatj  of  the  veins  in  a  part,  and  force  all  the  blood  to 
B  to  the  heart  by  a  eingle  vessel  correepouditig  to  the  ar- 
tery, the  pressure  in  this  vessel  should  be  greatly  increased, 
Pciisenille  has  showa  this  to  be  the  fact  by  the  experiment  of 
ligHtiog  all  the  veins  coming  from  a  jiart,  except  one,  wliith 
had  tlie  volnme  of  the  artery  by  wliidi  the  blood  was  snp- 
plied,  forcing  all  the  blood  to  return  by  tliis  single  channel. 
Tliis  being  done,  he  found  the  pressure  in  the  vein  iinniensely 
increased,  becoming  nearly  equal  to  that  in  the  artery.' 

Rapidity  of  the  Vaious  Circulation. — It  is  impossible  to 
fix  upon  any  definite  rate  as  representing  the  rapidity  of  the 
carrent  of  blood  in  the  veins.  It  will  be  seen  that  various 
eircunistancea  are  capable  of  increasing  very  considerably  the 
rapidity  of  the  flow  in  certain  veins,  and  that  under  certain  con- 
ditions the  current  in  some  parts  of  the  venous  s^toni  ia  very 
much  retarded.  Undoubtedly  the  general  movement  of  blood 
in  the  veina  is  very  much  slower  than  in  the  arteries,  from 
the  fact  that  the  quantity  of  blood  is  greater.  If  it  be  as- 
Buniefl  that  the  ijuuntify  of  blood  in  the  veina  is  double  that 
contained  in  the  arteries,  the  general  average  of  the  current 
would  be  diminialied  one-half.  As  we  near  the  heart,  how- 
ever, the  flow  becomes  more  uniform,  and  progressively  in- 
creases in  rapidity. 

jVs  the  effect  of  the  heart's  action  upon  the  venous  ciren- 
lation  is  subject  to  so  many  modifying  influences  through  the 
small  arteries  and  capillaries,  and  as  there  are  other  forces 
iofluencing  the  current,  which  are  by  no  means  uniform  in 
their  action,  with  our  present  knowledge,  estimates  of  the 
general  rapidity  of  tlie  venous  circulation,  or  t!ie  variations 
"  ^^fferent  veaaels,  would  be  founded  on  mere  speculations. 


Causes  of  the  Venous  Cii-culation. 
II  the  veins,  the  blood  is  farthest  removed  from  the  infln- 
ence  of  the  contractions  of  the  left  ventriele ;  and  though 
'  B£babd,  Coun  dt  Phgtiolofflr,  Parif,  ISSS,  tona  l<r.,  p.  SI 
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these  are  felt,  there  are  many  other  caoses  which  comhtne  to 
carrj^  oa  tlie  circnlation,  and  manj  infloences  by  which  U  k 
retarded  or  obstructed. 

The  great  and  uniform  foree  M'hlch  operates  od  the  arefr 
lation  in  these  vessels  is  the  I'is  a  tergo.  We  have  rcpeattdit 
releired  to  the  entire  adequacy  of  t!ie  arterial  pn«snr)>,  prop- 
agated through  the  capillariee,  to  account  for  the  movement  'if 
blood  in  the  reins,  provided  there  be  no  very  great  oletaclet 
to  the  current.  There  are  no  facts  winch  lead  a&  to  doubt  iIm 
operation  of  this  force  as  the  prime  cause  of  the  venous  cireula- 
lion;  and  the  only  question  which  arises  is  whether  there Ix) 
any  force  exerted  in  the  capillaries  themselvea  which  is  enpcr- 
added  to  the  force  of  the  heart.  In  discussing  the  oa|>ilIu7 
circulation,  there  has  been  found  no  direct  proof  of  the  exitf- 
enee  of  a  distinct  "  capillary  power"  InflneQcing  the 
ment  of  blood  in  these  vesecis ;  and  conseqnently  all  the  M 
a  tergo  operating  on  the  circulation  lo  the  veins  most 
attributed  to  the  action  of  the  left  ventricle. 

The  other  forces  which  concur  to  produce  movement  of 
blood  in  the  veins  are : 

1.  Mu&cular  action,  by  which  many  of  the  veins  are  at 
times  compressed,  thus  forcing  the  blood  toward  the  heart, 
regurgitation  being  prevented  by  the  action  of  the  ^^alvc8. 

2.  A  suction  force  exerted  by  the  action  of  the  thorax  ta 
reepiratiou ;  operating,  however,  only  on  the  veins  in  tfas 
immediate  neighborhood  of  the  chest, 

3.  A  possible  influence  in  the  contraction  of  the  coots  rf 
the  vessels  tliemsolves.  This  is  marked  in  the  veins  near  tlie 
heart,  in  some  of  the  inferior  animals. 

A.  The  force  of  gravity,  which  operates  only  oa  vesseli 
which  carry  blood  from  above  downward  to  the  heart ;  andL' 
a  little  suction  force  which  may  be  exerted  upon  the  blood  ill 
a  small  vein  as  it  passes  into  a  larger  veasel  in  which 
current  is  more  rapid. 

TIio  obstacles  to  the  venous  circulation  are 
sufficient  to  obliterate  the  caliber  of  a  vessel,  when,  from 
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free  eommnnieation  with  otiier  vessels,  tlie  current  is  simply 
diverted  into  another  channel ;  the  expnlsive  eflorts  of  rea- 
piration;  the  contractions  of  the  right  side  of  the  heart ;  and 
the  force  of  gravity,  which  operates,  in  the  erect  jiostnre,  on 
the  cnrrent  in  all  excepting  the  veins  of  the  head,  neck,  and 
parts  of  the  trunk  above  the  heart. 

Iitfiuence  of  Muecular  Contraction. — That  the  action  of 
innsclos  has  a  considerable  inllnence  on  the  current  of  blood 
in  the  vcina  situated  between  them,  and  in  their  gubatance,  has 
long  been  recognized.  It  is  exemplified  in  tlie  operation  of 
venesection,  when  it  is  well  known  that  the  jet  from  the  vein 
may  bo  very  much  increased  in  force  by  contraction  of  the 
muscles  below  the  opening.  This  action  Is  bo  marked,  that 
the  parts  of  the  venons  system  which  are  eitiiated  in  the  snb- 
Btance  of  muscles  have  been  compared  by  Chaasai^ao  to  a 
Bponge  full  of  li(juid,  vigorously  pressed  by  the  liand.'  It 
laUBt  alware  be  remembered,  however,  that  though  the 
muscles  are  capable  of  acting  on  the  blood  contained  in  veina 
in  t}ieir  substance  with  great  vigor,  the  heart  is  lully  capable 
of  producing  the  venous  circulation  withoat  their  aid ;  a  fact 
vhich  is  exemplified  in  a  sti'iking  manner  in  the  venous  cir- 
culation in  paralyzed  parts. 

It  has  been  shown  by  actual  observations  with  the  hemo- 
dynamometer,  that  muscular  action  is  capable  of  immensely 
inereasiug  the  pressure  in  certain  veins.  The  first  definite 
experiments  on  this  subject  were  made  by  llagondie,  who 
showed  a  pressure  of  over  two  inches  of  mercuiy  produced 
by  a  general  muscular  contraction,  on  the  passage  of  a  gal- 
vanic current  from  a  needle  plunged  into  the  cervical  region 
of  tlie  spinal  marrow  to  one  fixed  in  the  mascles  of  tlie  thigh.' 
The  experiments  of  Bernard  have  shown  this  more  accurately. 
Tills  physiologist  found  that  the  pressure  in  the  jugular  of  a 
tllQlBe,in  repose,  was  1*4  inch;  but  the  action  of  the  niusdes  in 

Ji,  qp^  dt,  lomc  ir.,  p.  67. 
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nusing  tbe  heail  increased  it  to  a  little  more  than  Sve  indcs, 
or  nearlj  four  times.'  Tliese  observations  show  at  once  lie 
great  variations  in  the  renoos  carrcnt,  and  the  iniporUnt 
influence  of  muscular  contrafrtion  on  the  circulation. 

tn  onler  that  contmctiona  of  muscles  Bhall  a^tt  tbe 
venous  circulation,  two  things  are  necessary : 

1.  The  contraction  must  be  intennittent.  This  ia  alvan 
the  case  in  the  voluntary  muscles  It  is  a  view  ontertaiiwl 
hy  many  that  each  muscular  fibre  relaxes  imme^liately  after 
its  contraction,  which  is  instantaneous,  and  that  a  certxiu 
period  of  repose  is  necessary  before  it  can  contract  again. 
However  this  may  be,  it  is  well  known  that  all  active  raus- 
cnlar  contraction,  as  distinguished  from  tbe  efl'orts  neceesur 
to  maintain  the  body  in  certain  ordinary  positions,  is  inlCf' 
mittent,  and  not  very  prolonged.  Thns  the  veins,  which  tn 
partly  emptied  by  tbe  compression,  are  filled  again  during 
the  repose  of  the  muscle. 

2.  There  should  be  no  possibility  of  a  retrograde  idot^ 
ment  of  the  blood.  This  condition  is  fulfilled  by  the  action 
of  tbe  valves.  Anatomical  researches  have  bIiowu  that  tlieae 
valves  are  most  abundant  in  veins  sttaated  in  tbe  snbettoce 
of  or  between  the  mnecles,  and  that  they  do  not  exi^t  in  tin 
veins  of  the  canities,  wliich  are  not  subject  to  the  suno  Uod 
of  compression.  It  is  thns  tJiat  the  blood  is  prevented  from 
passing  backward  toward  the  capillary  eysteiD ;  and  when 
the  caliber  of  a  vein  is  reduced  hy  compression,  part  of  tU 
contents  must  be  forced  toward  the  heart.  This  action  of 
the  valves  constitutes  their  most  important  function. 

I£ilne-Edward8  alludes  to  an  important  physiological 
Ijearing  of  the  acceleration  of  tbe  venous  circulation  by  con- 
tractions of  muscles,  on  their  nutrition.'  It  is  ujtparentlf 
uecessary  that  the  supply  of  blood  should  he  increased  in  A 
moscle,  in  proportion  to  and  during  its  activity;  for  at  thtf' 

'  BcBs^uui,  LtfOM  tar  la  FkytUkfif  d  ta  PaSkoiogit  At  Syttimr  .Vo 
Ptri«,  ISOS,  kime  i.,  p.  S8S. 

*  Zipnw  tur  la  PKi/tial^U,  Kane  It.,  p,  SIO. 


CAUSES  OP  THE  VENOUS  CIRCULATION.  319 

time  its  destructive  assimilation  is  undoubtedly  augmented, 
and  there  is  an  increased  demand  on  the  blood  to  supply  the 
waste.  It  is  apparently  a  provision  of  Nature  that  the  ac- 
tivity of  a  muscle,  facilitating  the  passage  of  blood  in  its 
veins,  and  consequently  its  flow  from  the  capillaries,  induces 
an  increased  supply  of  the  nutrient  fluid.  As  the  develojv 
ment  of  tissues  is  generally  in  proportion  to  their  vascularity, 
this  may  account  for  the  increase  in  the  development  of 
muscles,  which  is  the  invariable  result  of  continued  exercise. 

Force  of  Aspiration  frmn  the  Thorax. — During  the  act 
of  inspiration,  the  enlargement  of  the  thorax,  by  depression 
of  the  diaphragm  and  elevation  of  the  ribs,  affects  the  move- 
ments of  fluids  in  all  the  tubes  in  its  vicinity.  Tlie  air  rushes 
in  by  the  trachea  and  expands  the  lungs,  so  that  they  follow 
the  movements  of  the  thoracic  walls.  The  flow  of  blood  into 
the  great  arteries  is  somewhat  retarded,  as  is  indicated  by 
the  diminution  in  the  arterial  pressure ;  and  finally,  the  blood 
in  the  great  veins  passes  to  the  heart  with  greater  facility, 
and  in  increased  quantity.  This  last-mentioned  phenomenon 
can  be  easily  observed,  when  the  veins  are  prominent,  in  pro- 
found or  violent  inspiration.  The  veins  at  the  lower  part  of 
the  neck  are  then  seen  to  empty  themselves  of  blood  during 
the  insi)iration,  and  become  distended  during  expiration, 
producing  a  sort  of  pulsation  which  is  synchronous  with  res- 
piration. This  can  always  be  observed  after  exposure  of  the 
jugular  in  the  lower  part  of  the  neck  in  an  inferior  animal. 
After  this  operation,  if  we  cause  the  animal  to  make  violent 
respirati>ry  efforts,  the  vein  will  be  almost  emptied  and  col- 
lapsed with  inspiration,  and  turgid  with  expiration.  Tlio 
movements  of  the  veins  near  the  thorax  have  long  been  ob- 
served and  described  with  tolerable  accuracy.  By  the  fol- 
lowing simple  yet  conclusive  ex})eriment,  the  regular  action 
of  the  suction  force  was  demonstrated  by  Magendie.  Having 
introduced  a  gum-elastic  sound  into  the  jugular  vein  of  a  dog, 

and  passed  it  down  to  the  right  auricle,  he  saw  "  that  the 

21 
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blood  flowed  from  the  extremity  of  the  found  only  in  t^ 
moment  of  expiration.  We  obtain  resnlts  entirelv  sni 
it"  we  iiitrodocc  the  sound  into  tlie  eraral  vein,  directing 
toward  the  abdomen." '  As  eeveral  contractioos  of  the 
auricle  occur  between  two  acts  of  respiration,  it  is  Ehon  I 
this  ex]>eriment  that,  during  inspiration,  the  enction  toKt 
eufficieot  to  coantcrbalance  the  coDtractions  of  thi 
which  would  otiierwise  force  a  certain  qtuuitity  of 
through  the  Boimd,  as  it  does  during  expiration  :  for  tl 
have  a  jet  eynchronoua  with  the  beats  of  the  heart.  Cb11» 
terization  of  the  right  side  of  the  heart  is  now  quite  s 
experiment ;  and  we  have  frequently  observed  the  ramtion 
in  the  flow  of  blood  from  a  sound  introduced  thr\>Bgh  (1» 
jugular,  which  were  mentioned  by  Magendia  The 
force  is  still  more  strikingly  exhibited  in  this  operation 
the  entrance  of  air,  which  ia  frequently  drawn  into  the  : 
during  a  violent  inspiration. 

The  influence  of  aspiration  on  tlie  cireolation  in  the 
was  still  more  minntely  studied  in  1S25  by  Ban^,  t 
most  important  esperiments  liave  been  repeated, 
modiflcations,  by  Poiseoille.     Barry  introdtieed  tl 
jugular  of  a  horse  a  bent  tube  of  glass,  one 
jiaa^ed  into  the  right  caTities  of  the  heart,  or  the 
and  the  other  into  a  vessel  containing  a  colored 
found  that  with  each  act  of  inspiration  the  liquid 
up  in  the  tube,  demonstrating  the  operation  of  a  Dotafalai 
tion  foree.     The  observations  and  experiments  of  Bany 
made  on  quite  an  extended  scale,  but  many  of  his 
were  not  entirely  warranted.     He  studied,  for 
effect  of  preventing  the  entrance  of  air  into  tl>e 
trachea,  and  found  that  this  increased  the  eaction 
considerably,  as  indicated  by  the  greater  elevation  of 
in  the  tube  with  each  inspiratory  effort ;  but  he  siq 

'  Magimiie.  InJItuum  itt  MotrnmrnU  dr  ta  Poitrine  tt  4et  J^^Smkn 

p.  lit. 
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that  tliis  force  from  the  thorax  was  felt  in  the  entire  venona 
system,  an  opinion  which,  as  we  shall  see,  the  most  simple 
observations  have  shown  to  be  entirely  erroneous/  As  this 
force  is  not  felt  throughout  the  whole  of  the  venous  system, 
it  becomes  a  question  of  interest  to  determine  how  far  its  in- 
fluence extends,  and  why  it  is  restricted  to  certain  vessels. 
Like  the  action  of  the  muscular  system  on  certain  veins,  it  is 
simply  superadded  to  the  force  of  the  heart,  the  latter  being 
entirely  competent  to  keep  up  the  venous  circulation.  A 
proof  that  it  is  not  essential  is  seen  in  the  fact  that  the  circu- 
lation is  effected  in  animals  whicli  do  not  inspire,  but  swallow 
their  air,*  and  in  the  foetus,  before  any  movements  of  respi- 
ration take  place. 

Direct  observations  on  the  jugulars  show  conclusively  that 
the  influence  of  insj^iration  cannot  be  felt  much  beyond  these 
vessels.  They  are  seen  to  collapse  with  each  inspiratory  act, 
a  condition  which  limits  this  influence  to  the  veins  near  the 
heart.  The  flaccidity  of  the  walls  of  the  veins  will  not  permit 
the  extended  action  of  any  suction  force.  If  a  i)ortion  of  a  vein 
removed  from  the  body  be  attached  to  the  nozzle  of  a  syringe, 
and  we  attempt  to  draw  a  liquid  through  it,  though  the  suc- 
tion force  be  applied  very  gently,  when  the  vessel  has  any 
considerable  length,  its  walls  will  be  drawn  together.  In  the 
circulation,  the  veins  are  moderately  distended  with  blood  by 
the  vi^  a  terffo,  and,  to  a  certain  extent,  sup])ortcd  by  con- 
nections with  surrounding  tissues,  so  that  tlie  force  of  aspira- 
tion is  felt  farther  than  in  any  experiment  on  vessels  re- 
moved from  the  body.  The  blood,  as  it  approaches  the 
thorax,  imi)elled  by  other  forces,  is  considerably  accelerated 
in  its  flow  ;  but  it  is  seen  by  dii^ect  obseivation,  that  beyond 

*  Barrt,  Reeherchea  Bxperinientalea  mr  Ub  Caiae$  du  Mouvemtnt  du  Sang  dans 
Its  VdneSy  ParU,  1825,  p.  12  c/  9eq. 

*  In  many  animals  that  take  the  air  into  the  lungs  by  an  act  like  that  of  de- 
glutition, there  are  regular  pulsations  in  the  veins  near  the  heart,  which  are  quite 
nbundautly  provided  with  muscular  fibres  like  those  found  in  the  heart.  It  is  a 
question  whether  this  does  not  take  the  place  of  the  suction  force  from  the  chest, 
which  operates  in  other  animals. 
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&  certain  point,  and  that  very  near  the  chest,  ordinarr  vf^'. 
ration  has  no  influence,  and  violent  eSorta  rather  retard  tluD 
favor  the  current. 

In  the  liver,  the  influence  of  inspiration  hecomee  a  raj 
important  element  in  the  production  of  the  cinralatiaa. 
This  organ  presents  a  vascular  arrangement  which  k  exc^ 
tioual.  The  blood,  distributed  by  the  arteries  in  a  capilLuf 
plexus  in  the  mncous  membrane  of  the  alimentary  canal  and 
in  the  epleen,  instead  of  being  returned  directly  to  the  lietit 
by  the  veins,  ia  collected  into  the  portal  vein,  carried  to  tbt 
liver,  and  there  distributed  in  a  second  set  of  capillarr  veEEck 
It  is  then  collected  in  the  hepatic  veins,  and  carried  by  ti»' 
vena  cava  to  the  heart.  This  double  capillary  plexQS  bfr 
twcen  the  left  and  right  sides  of  the  heart  haa  been  dted  ■ 
au  argument  against  the  fact  that  tlie  left  ventriclo  is  captUa 
of  sending  the  blood  through  the  entire  circuit  of  the  y 
lar  system.  The  three  hepatic  veins  open  into  the  inferiol 
vena  ca\'a  near  the  point  where  it  passes  the  diaphngnft 
where  the  force  of  aspiration  from  the  thoras  wotild  r 
rially  assist  the  current  of  blood.  On  following  tlieee  t 
into  the  substance  of  the  liver,  it  is  found  that  their  walU  an 
60  firmly  adherent  to  the  tissue  of  the  oi^an,  that,  when  cot 
across,  they  remain  patulous;  and  it  is  evident  that  tlwyn 
main  open  under  all  conditions.  The  thorax  can  t 
exert  a  powerfiil  influence  upon  the  hepatic  ctrculatiixi; 
for  it  ia  only  the  flaccid  ity  of  the  walls  of  the  vessels  vhitSi 
prevents  this  influence  from  operating  throughout  ihe  entiif 
Tenous  system. 

Though  this  must  be  a  very  important  element  in  ll* 
production  of  the  circulation  in  the  liver,  the  tact  that  tl* 
bloo(i  circulates  iu  this  organ  in  the  fretus  before  any  rooT*- 
ments  of  the  thorax  take  place,  shows  that  it  is  not  abcolut^ 
ly  essential.  All  of  the  influences  which  we  have  thin  lir 
considered  are  merely  supplementary  to  the  action  of  tl» 
great  central  organ  of  the  circulation. 

A  further  proof,  if  any  were  needed,  of  the  suction  force 
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of  inspiration  is  found  in  an  accident  wbicli  ie  not.iiifrequeat 
in  Borgical  operations  in  tlie  lower  part  of  the  neck.  When 
tlie  veins  in  thia  situation  are  kept  open  by  a  tumor,  or  by 
induration  of  the  surrounding  tissuea,  an  inspiratory  eifort 
lias  occasionally  been  fLiUowed  by  the  entrance  of  air  into  the 
tarcnlation ;  an  accident  which  is  liable  to  lead  to  the  gravest 
resaks.  This  occurs  only  when  a  divided  vein  is  kept  patu- 
lotis  ;  and  the  accident  proves  both  the  influence  of  inspira- 
tion on  liquids  in  the  veins  near  the  chest,  and  its  restriction 

'  to  the  vessels  in  this  particular  situation  by  the  flaccidity  of 

;  their  walla.  The  conditions  under  which  this  occurs  may  be 
imitated  in  the  lower  animals  by  introducing  a  tube  through 
tlie  vein  into  the  thorax ;  when,  with  a  violent  act  of  inspi- 

I  ration,  air  will  be  drawn  in,  and  the  curious  and  startling 
effects  upon  the  circulation  may  be  observed. 

A  full  discussion  of  the  subject  of  air  in  the  veins,  which 

i  is  of  great  pathological  interest,  does  not  belong  to  the  domain 
of  physiology.  Tlie  blood  is  capable  of  dissolving  a  certain 
quantity  of  atmospheric  air ;  and  a  small  quantity,  very  grad- 
ually introduced  into  a  vein,  can  be  disposed  of  in  this  way. 
When,  however,  a  considerable  quantity  suddenly  finds  its 
way  into  the  venous  system,  the  patient,  or  animal,  experi- 
ences a  sense  of  mortal  distress,  and  almost  immediately  falls 
into  a  8tat«  of  insensibility.  A  peculiar  whistling  sound  is 
heard  when  the  air  passes  in ;  and  if  the  car  be  applied  to  the 
chest,  we  distinguish  the  labored  eflbrts  of  the  heart,  accom- 
panied by  a  loud  churning  aonnd.  On  opening  the  chest 
after  death,  the  right  cavities  of  tlie  heart  are  invariably 
found  distended  with  air  and  blood ;  the  blood  being  fi-othy 
and  florid.  Generally  the  left  side  of  tlie  heai't  is  nearly  or 
quite  empty. 

The  prodnction  of  death  from  air  in  the  veins  ia  purely 
mechanical.  The  air,  finding  its  way  to  the  right  ventricle, 
u  mixed  with  the  blood  in  the  form  uf  minute  bubbles,  and 
paeeed  into  the  pulmonary  artery.  Once  in  this  vessel,  it  is 
impossible  for  it  to  pass  through  the  capillaries  of  the  lungs, 
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and  death  by  BuSocntion  u  the  inevitaltle  result,  ii  the  qnis- 
tit;  of  air  be  large.  It  is  because  no  blood  can  pas  tlma^ 
the  liing^,  that  tbe  left  cavities  of  the  heart  are  iifiaallv  found 
empty. 

Certain  cases  of  entrance  of  air  into  the  reind  in  sni|^ 
operations,  though  pi-eseoting  the  most  alarming  immediitt 
symptoms,  have  tenniuated  in  recovery.  In  th^c  inBttocea, 
the  qnantity  of  air  U  not  sufficient  to  completely  blod:  up 
the  puhnonary  capillaries,  and  it  is  gradaally  absoHcd  bf 
the  blood. 

Air  injected  into  the  arteries  produces  no  snch  serion^rf 
fects  as  air  m  the  veins.  It  is  arrested  in  tbe  capillaries  <£ 
certain  parts,  and  in  the  coarse  of  time  is  absorbed  witboal 
having  produced  any  injury. 

Aside  from  the  pressure  exerted  by  tbe  contraction  0 
muscles,  and  the  force  of  aspiration  from  the  thorax,  llie  i* 
flaences  which  assist  the  venous  circulation  arc  very  sUghL' 
As  far  as  tbe  action  of  the  coats  of  the  vessels  themeelra  fc 
concerned,  their  contraction,  it  must  be  remembered,  bsloK 
and  gradual,  like  the  contraction  of  the  arteries ;  nuil  it  1| 
hardly  possible  that  in  the  general  venous  system  it  sbouli 
operate  at  all  on  tbe  blood-current,  beyond  the  umple  inf 
ence  of  tlie  reduction  of  the  caliber  of  the  vessel.  There  i 
a  slight  contraction  in  tbe  vense  cava,  in  the  immed 
proximity  of  the  heart,  which  is  very  much  more  exte 
in  many  of  the  lower  vertebrate  animab,  and  m«y  be  t 
tioned  as  having  an  influence,  very  iusignllieant  it  is  t 
on  the  flow  of  blood  from  tlie  great  veins. 

In  tho  veins  which  pass  from  almve  downwards,  the  ford 
of  gravity  favors  the  flow  of  blood.  This  is  seen  by  the  ti 
gescence  of  the  veins  of  tbe  neck  and  face,  when  the  head  < 
kept  for  a  short  time  below  the  level  of  the  heart.  If  li 
arm  be  elevated  above  the  head,  the  veins  of  the  back  of  tb* 
hand  will  be  much  reduced  in  size,  from  tbe  greater  farilit|f 
with  which  tbe  blood  passes  to  tbe  heart;  while  ibeyn 
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disteoOi'd  when  the  linnd  is  allowed  to  hang  by  the  eide,  and 
tlie  blood  has  to  mount  up  against  tbc  force  of  gravity. 

In  tlie  oxtrt'tue  iny^ularity  in  tbo  rapidity  of  tlie  circula- 
tion in  different  veins,  it  most  frequently  happen  tliat  a  vea- 
aet  empties  its  blood  into  another  of  larger  size,  in  which  tlie 
ciurent  U  11101*8  rapid.  In  sueli  an  instance,  as  a  physical 
neceeeity,  the  more  rapid  eun-ent  in  the  larger  ressel  exerta 
a  eertaiu  enction  force  on  the  flnid  in  the  vessel  which 
joins  with  ii. 


Function  of  the  Yalvea. 


^^^With  oar  present  knowledge,  it  is  difficult  to  compr&> 
^4Kd  how  any  anatomist  could  have  accurately  described 
the  valves  of  the  veins,  and  yet  be  ignorant  of  their  function  j 
and  the  fact  that  their  use  was  not  understood  before  the 
description  of  the  circulation  by  Harvey,  shows  the  greatness 
of  this  as  a  discovery,  and  the  shallow  character  of  any  pre- 
teooe  that  men  of  science  bad  any  idea  of  the  motion  of  the 
blood  before  Iiis  time. 

"With  our  present  knowledge  of  the  course  of  the  blood, 
it  is  evident  that  the  great  function  of  the  valves  is  in  pre- 
senting an  obstacle  to  tho  reflux  of  blood  toward  the  capil- 
lary fiTBtera;  and  it  only  remains  to  study  the  conditions 
I    wulcr  which  they  are  bi-ought  into  action. 
LH^here  are  two  distinct  conditions  under  which  the  valvos 
^^^Bff  veins  may  be  closed.     One  of  them  is  the  arrest  of  cir- 
^^^Bion,  from  any  cause,  in  veins  in  which  the  blood  has  to 
^^l^nt  t^ainst  the  force  of  gravity  ;  and  the  otlier,  compres- 
etOQ  of  veins,  from  any  canse  (generally  from  muscular  cou- 
truction)  which  tends  to  force  the  blood  from  the  vessels 
compressed  into  othei-s,  when  the  valves  offer  an  obstruction 
to  a  flow  toward  the  capillaries,  and  necessitate  a  current  in 
tlu  direction  of  the  heart. 

I  tho  first  of  these  conditions,  the  valves  are  antagonistic 
p  force  of  gravity,  and,  when  the  caliber  of  any  vessel  is 
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temporarily  obliterated,  aid  in  directing  the  carrent  into  il 
aetoraotic  vessels.  It  is  bat  rarely,  Iiowerer,  that  thej  wt 
thus  in  opposition  to  the  force  of  gravity;  and  it  is  cmlj 
when  many  of  the  reins  of  a  part  are  simultaaeouslr  nxn- 
pressed  that  they  aid  in  diverting  tlie  cnrrent.  When  a  a 
gle  vein  is  obstructed,  it  is  not  probable  that  the  valves  an 
necessary  to  divert  the  current  into  other  ve^ek,  for  tin 
would  taiic  place  in  obedience  to  the  nV  a  iergo  ;  but  w 
many  veins  are  obstructed  in  a  dependent  part,  and  tie 
avenues  to  the  heart  become  insnificient,  the  nsmennu 
valves  divide  the  columns  of  blood,  ta  that  the  pres&arc  is 
equally  distributed  through  tlie  extent  of  the  vesseU.  For  it 
must  be  retneinbered,  tJie  strength  of  the  walls  diminifhes  u 
we  pass  from  the  laiger  veins  to  the  periphery,  and  the  small- 
eet  vessels,  which,  were  it  cot  for  the  valvca,  wonld  be  sub- 
jected to  the  greatest  amount  of  pressure,  ijca  least  calculated 
to  bear  distention.  This  is  but  an  occasional  function  wbicll 
the  valves  are  called  upon  to  perform  ;  and  !t  is  evident  tliat 
their  influence  is  only  to  prevent  the  weight  of  the  entin 
column  of  blood,  in  vessels  thus  obstracted,  from  operating: 
on  the  emallest  veins  and  the  capillaries.  It  cannot  i 
the  labor  of  the  heart,  when  the  blood  is  again  pat  in 
don,  any  less  than  if  the  column  were  undivided,  as  tldl 
org&n  must  have  sufficient  power  to  open  successively  e 
set  of  valves,  when,  of  course,  they  cease  to  bare  any  influ- 
ence whatsoever. 

It  is  in  connection  with  the  intermittent  compression  a 
the  veins  that  the  valves  have  their  principal  and  almost  eoi 
Btant  function,    Theu'  situation  alone  would  lead  to  ti 
positioD.     They  are  found  in  greatest  numbcre  t 
the  muscular  system,  having  been  demonstrated  1 
in  the  smallest  vennles.     They  are  also  found  i 
parts  of  the  body,  where  they  certaiuly  do  not  opera 
the  force  of  gravity,  while  they  do  not  exist  in  th8<fl 
where  the  venous  trunks  are  not  subject  to  comprc 
has  already  been  made  sufficiently  evident  tliat  the  aetioD  ill 
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wascles  Beconda  most  powerfully  the  contrattious  of  Ihe 
heart.  The  vis  a  tergo  from  the  heart  is,  doubtless,  genejally 
mfiicioDt  to  turn  this  ioflnence  of  muscular  compreesion  from 
the  capillary  syetein,  and  the  valves  of  the  veins  are  open ; 
bat  they  stand  ready,  neverthelesa,  to  oppose  any  tcudenuy 
to  r^;ui^tation. 

In  thu  action  of  muscles,  the  skin  is  Jreqaeutly  stretched 
over  tlie  part,  and  tbe  cutaueons  veins  are  somewhat  com- 
pressed. This  may  be  seen  in  the  hand,  hy  letting  it  hang 
by  the  side  until  the  veins  become  somewhat  swollen,  and 
then  coTitractmg  the  muselea,  when  tlie  skin  will  become 
tense  and  tlie  veins  very  much  less  prominent.  Here  the 
Tiilves  have  an  important  action.  The  compression  of  the 
veins  is  much  greater  in  the  substauce  of  and  between  the 
muscles  than  in  the  skin ;  hut  the  blood  is  forced  from  the 
mnsclos  into  the  skin,  and  the  valves  act  to  prevent  it  from 
taking  a  retrograde  course.  TLe  fact  that  the  contraction  of 
tnOBcles  forces  blood  into  the  veins  of  tbe  skin  luay  be  seen 
by  snrrounding  the  upper  part  of  the  forearm  witii  a  moder- 
ately tight  ligature,  which  will  distend  the  cutaneous  veins 
below.  If  we  now  contract  the  muscles  vigorously,  the  veins 
lielow  will  heoome  sensibly  more  distended  and  knotted; 
showing,  at  once,  the  passage  of  blood  into  the  skin,  and  the 
H£tiun  0*1  the  valves. 

When  a  vein  is  distended  by  the  injection  of  air,  or  a 
liquid,  forced  against  tbe  valves,  it  ts  observed  that  at  the 
point  where  the  convex  borders  of  the  valves  are  attached, 
the  vessel  is  not  dilated  as  much  as  at  other  parts.  This  is 
due  to  tbe  fact  that  the  valves  are  bordered  with  a  fibrous 
ring,  which  strengthens  the  vessel,  and  prevents  distention  at 
that  point,  which  would  separate  the  free  borders  of  the  valves 
and  render  them  insufficient. 

A  full  consideration  of  the  venous  anastomoses  belongs  to 
descriptive  anatomy.  Suffice  it  to  say,  in  this  connection,  that 
they  are  very  numerous,  and  provide  for  a  return  of  the  blood 
to  the  heart  by  a  number  of  channels.     Tlie  azygos  vein,  the 
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reins  of  tbe  Gpmal  caoal,  and  veins  Id  the  walls  of  the  Mo- 
men  and  thorax,  connect  the  infenor  witli  the  eoperior  nss 
cava.  Even  tlie  portal  vein  has  lately  lieen  shown  to  li>i» 
its  commmiieations  with  the  general  venoos  evstem.  Thm, 
in  ail  parts  of  the  organism,  temporary  compre^on  of  a  vrin 
onljdiverts  thocnrrent  into  some  other  vesel,  and  perauuudit 
ohliteration  of  a  vein  produces  enlargement  of  commanicatiii; 
brauchea,  which  soon  become  sufficient  to  meet  all  the  rcqniie- 
ments  of  the  circulation. 


QmdUlona  which  impede  the  Venous  Ciivu!<iii'oH. 

Jnjlvsnce  of  Eepiration. — The  influence  of  expinidoB  M 
the  circulation  in  the  veins  near  the  thorax,  is  directly  oppo- 
site to  that  of  inspiration.  As  the  act  of  inspiration  has  a 
tendency  to  draw  the  hlood  from  these  veseels  into  the  ebtft, 
the  act  of  exjiiration  has  a  tendency  to  force  the  blood  out 
from  the  vci^els  of  the  thorax,  as  the  air  is  forced  ottt  by  the 
trachea,  and  opposes  a  flow  in  the  opposite  direction.  Hi6 
effect  of  prolonged  and  violent  expiratory  eflbrta  is  veiy 
marked ;  being  followed  by  deq>  congestion  of  the  veios  of 
the  face  and  neck,  and  a  sense  of  fulness  ia  the  head,  which 
may  become  very  distresaing.  The  opposition  to  the  venou 
current  geueraily  extends  only  to  vessels  in  the  immedialB 
vicinity  of  the  thorax,  or,  it  may  be  stated  in  general  tenns, 
to  those  veins,  in  which  tbe  flow  of  blood  is  assisted  by  the 
movements  of  inspiration  ;  but,  while  the  inspiratory  infiDCnee 
is  absolntely  confined  to  a  very  restricted  circuit  of  vctaclt, 
the  ohatruetive  influence  of  very  violent  and  prolonged  expi- 
ration may  he  extended  very  mnch  further,  as  is  seen  wlim 
the  vessels  of  the  nock,  face,  and  conjunctiva  become  oon- 
geited  in  prolonged  vocal  efforts,  blowing,  etc. 

The  mechanism  of  this  is  not  what  we  might  at  finit  be 
led  to  suppose ;  namely,  a  mere  reflux  from  tbe  laif^  tmnb 
of  the  thoracic  cavity.  Were  this  the  case,  it  woold  be  Hfr 
:»gsary  to  assume  an  insuffidency  of  certain  valves,  whkfe 


does  not  exist.  In  extreme  congestion,  reflnx  of  blood  may 
take  place  to  a  certain  extent  in  the  external  jugular.for  thie 
vessel  ]ias  but  two  valves,  wLicli  are  not  competent  to  pre- 
vent regurgitation : '  but  the  chief  cause  of  congestion  is 
dne,  not  to  regut^tatiou,  but  to  accumulation  from  the  pe- 
riphery, and  an  obstruction  to  the  flow  of  blood  into  the  great 
vessels. 

It  is  in  the  internal  jugular  that  the  inflnencc  of  expiration 
is  most  important,  both  iroin  the  great  size  of  the  vessel  in  the 
hoinan  subject,  as  compared  with  the  other  vessels,  and  from 
the  importance  and  delicacy  of  the  parts  from  ivhich  it  collects 
the  blood.  At  the  opening  of  this  vessel  into  the  innominate 
vein,  IS  a  pair  of  strong  and  perfect  valves,  which  effectually 
cloee  the  oriflco  when  there  is  a  tendency  to  regnrgitation. 
These  valves  have  attracted  much  attention  among  physiolo- 
gists, since  the  discovery  of  the  circulation  has  made  it  evi- 
dent liow  imjKirtant  they  might  be  in  protecting  the  brain 
from  refl\ix  of  blood,  "When  the  act  of  expiration  arrests  the 
onward  flow  in  the  veins  near  the  thorax,  these  valves  are 
dosed,  and  effectually  protect  the  brain  from  congestion  by 
regurgitation.  The  blood  accumulates  behind  the  valves,  hut 
the  free  communication  of  the  internal  jugular  with  the 
other  veins  of  the  neck  relieves  the  brain  from  congestion, 
unless  the  eti'ort  be  extraordinoi-ily  violent  and  prolonged. 

The  above  remarks  with  regard  to  the  influence  of  expira- 
tion are  applicable  to  vocal  etibrts,  violent  conghing  or  sneez- 
ing, or  any  violent  muscular  efforts,  such  as  straining,  iu 
which  the  glottis  is  closed. 

Rf^ffurffiiant  Venous  PuUe. — In  the  inferior  animals,  likp 
the  (log,  if  the  external  jugular  be  exposed,  a  distention  of 
the  vessel  ia  seen  to  accompany  each  expiratory  act.  This  is 
sometimes  observed  in  the  himaan  subject,  when  reflpiration 
is  exaggerated,  and  has  been  called  improperly  the  venous 
pulse.    There  is  no  euflicient  obstacle  to  the  regui^itatioD  of 

'  Ghat,  DaeripHve  Anaioniy,  Fbiladdpbia,  1669,  p.  404. 
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blood  from  tbe  thorax  into  the  cxtenial  jiigulftr,  and  dbtilMf 
pulsations,  synchronous  witli  the  morementE  of  reepintioB. 
may  Vie  produced  iu  this  way. 

In  SiOme  Ibrms  of  cardiac  disenee  aifecting  the  right  ait, 
a  pulsation,  E^iichronou3  witli  the  heart's  action,  luis  tlu 
been  noticed.  This  is  always  confined  to  the  jagnlar,  and 
must  not  be  connected  with  the  elight  pnlsations  which 
sometimes  occur  in  the  reins  of  the  extremities.  It  is  due  to 
a  rcgnrgitant  impulse  from  the  right  side  of  the  bean ;  and 
generally,  to  the  action  of  the  right  ventricle,  propagated  into 
the  veins  on  ncconnt  of  pathological  insnflicieticy  of  the  tri- 
cuspid valves.  Two  distinct  pulsations  acoompanying  each 
act  of  tJie  heart  have  been  owjasionally  observed:  one  in> 
mediately  preceding,  and  the  other  coinciding  with,  the  ven- 
tricular systole.  In  a  case  of  this  kind,  post-mortem  exai 
ation  revealed  contraction  of  the  right  auricnlo-ventricxilar 
orifice,  as  well  as  insufficiency  of  the  tricuspid  valves.'  Th& 
relation  of  the  pulsation  of  the  jugular  to  the  action  of  the 
heart  showed  that  the  first  impulse  was  produced  by  the  con- 
traction of  the  right  auricle,  and  the  second  by  the  contrao 
tion  of  the  right  ventricle. 

It  b  evident  that  there  are  various  other  cinmmstancet 
which  may  impede  the  venous  circulation.  Accidental 
compression  may  temporarily  arrest  the  flow  iu  any  par- 
ticular  vein.  "Wlien  the  whole  volume  of  blood  is  materi- 
ally increased,  as  afler  a  full  meal,  with  copious  ingeetiou  o( 
liquids,  the  additional  quantity  of  blood  accumnliites  clu«fljr 
in  the  venous  system,  and  proportionately  diminishes  the  n- 
pidity  of  the  venous  circulation. 

The  force  of  gravity  also  has  an  important  influence.  It 
is  much  more  difficult  for  the  blood  to  mount  from  below  op 
to  the  heart,  than  to  flow  downwards  from  the  head  and 
ne^k.  The  action  of  this  is  seen  if  comparison  be  made  be- 
tween the  circulation  in  the  arm  elevated  above  thu  bead 
and  hanging  by  the  side.    In  the  one  case  the  veins  are  read 

'  FLtXT,  Dutata  e/lhi  Etart,  PhOuldplii^  1M9,  p.  IIT. 
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ily  emptied,  and  contain  but  little  blood ;  and  iu  the  other 
the  cirealation  is  more  difficult,  and  the  vessels  are  moderate- 
ly distended.  The  walls  of  the  veins  are  thickest,  and  the 
valves  most  numerous,  in  parts  of  the  body  which  are  habit- 
ually dependent.  The  influence  of  gravity  is  exemplified  in 
the  production  of  varicose  veins  in  the  lower  extremities. 
This  disease  is  frequently  induced  by  occupations  which  re- 
quire constant  standing;  but  the  exercise  of  walking,  aiding 
the  venous  circulation,  as  it  does,  by  the  muscular  effort,  has 
no  such  tendency. 


CHAPTER  IX. 

PECULIABTn£3    OF    THE    CIBCULATIOX   IX    DIFFERENT    PARIS    OV 

THE   8T6TE3£. 

(nrcalation  in  the  cranial  cavity — Circolation  in  erectile  tissaes — ^DcriratiTe  circu- 
lation— Polmooary  circulation — General  rapidity  of  the  circolatioii— Time  re> 
quired  for  the  passage  through  the  heart  of  all  the  blood  in  the  orsamm— 
Relations  of  the  general  r^idity  of  the  circulation  to  the  frequency  of  Uie 
hearths  action — Pheuomena  in  the  circulatory  system  after  death. 

Circxil^itioTi  in  the  Cranial  Cavity. — In  the  encephalic 
cavity,  there  are  certain  peculiarities  in  the  anatomy  of  eome 
of  the  vessels,  with  exceptional  conditions  of  the  blood,  as  re- 
gards atmospheric  pressure,  which  have  been  considered  ca- 
pable of  essentially  modifying  the  circulation.  In  the  adolt, 
the  cranium  is  a  closed,  air-tight  box,  containing  the  incom- 
pressible cerebral  substance,  and  blood ;  conditions  which  are 
widely  different  from  those  presented  in  other  parts  of  the 
system.  On  this  account,  some  have  gone  so  far  as  to  con- 
sider any  change  in  the  quantity  of  circulating  fluid  in  the 
brain,  a  physical  impossibility.'*     Pathological  facts  in  oppo- 

*  A  number  of  years  ago,  there  was  considerable  interest  excited  in  the  dis* 
cussioQ  of  the  possibility  of  an  increase  or  diminution  in  the  quantity  of  blood  in 
the  brain  uudcr  any  circumstances.  Monro,  Abercrombie,  and  Dr.  Kollie  su;^ 
posed  the  quantity  of  blood  in  the  brain  to  be  invariable;  Dr.  Kellie  assuming  to 
hare  proved  this  position  by  experiments  which  showed  (accordlDg  to  his  conchi- 
sioQS  at  least)  no  diminution  in  the  quantity  of  blood  in  the  brain  in  animah 
killed  by  homorrhagc,  and  no  increase  in  the  quantity  in  animals  killed  by  a  lig» 
ture  around  the  neck.    He  made  other  observations  on  this  subject  which  it  i«  un- 
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sition  to  such  a  view  are  so  numerous  and  well  establi&lied, 
that  the  question  does  not  demand  extended  diaeiission.  It 
is  well  known,  that  in  certain  eases  the  vessels  of  the  brain 
and  its  membranes  arc  found  engorged  with  blood,  and  in 
others  containing  a  comparatively  email  quantity ;  but  it  is 
nerertheless  true  that  there  are  anatomical  peculiarities  in 
these  parts,  tlie  effects  of  which  on  the  circulation  present 
important  and  interesting  points  for  stndy. 

In  the  brain,  the  venous  passages  which  correspond  to  tlie 
great  veins  of  other  parts,  are  sinuses  between  the  folds  of 
the  dura  mater,  and  are  but  elightly  dilatable.  In  the  per- 
fectly consolidated  adult  head,  the  blood  is  not  subjected  to 
atmospheric  pressure  as  in  other  parts,  and  the  semi-solids 
and  liqaids  which  compose  the  encephalic  mass  cannot  in- 
crease in  size  in  congestion,  and  diminish  in  anemia.  No^ 
withstanding  these  conditions,  the  undoubted  fact  remains 
that  exnniinationa  of  the  vessels  of  the  brain  after  deatli  show 
great  differences  in  the  quantity  of  Ijlood  which  tliey  contain. 
The  question  then  arises  as  to  wliat  is  displaced  to  make 
room  for  the  blood  in  congestion,  and  what  supplies  the 
place  of  the  blood  in  anemia. 

An  anatomical  pecnbarity,  which  has  not  yet  been  con- 
Bidercd,  offers  an  explanation  of  these  phenomena.  Magen- 
die  has  shown  by  olMcrvations  on  living  animals,  contirmed 
by  dissections  of  the  human  body,  that  between  the  pia  mater 
and  tlie  arachnoid  of  the  brain  and  spinal  cord  there  exists  a 


D«eeaMi7  to  etmmeratc.  These  expcrimenW  were  flilly  reviuwcii  by  Dr.  George 
Burrovi,  wbo  sbows  by  bla  quolations  rrom  Dr.  EcUic  that  Uipy  proved  notluDg 
of  Ibe  luDil.  Dr.  B.  repeated  tbe  eiperim^U  oa  nibbita,  Mid  donoiultalcd  lh«C 
gr««t  mriations  eiift  in  Ibc  quantity  o[  blood  in  tbe  brain,  when  the  udnuJs  are 
Ulkd  in  different  wayg.  He  showed  that  iho  blood-niBwls  are  coEOpped  wheu  the 
bead  u  Ivft  depuident  for  a  number  of  boars,  and  tliat  tbi?  canlnin  but  Utile 
Uood  when  it  iyderatcd.  Cerlun  of  £ellie'fl  eiperimentg,  cited  by  Dr.  Bur^o«^ 
(bow  that  the  dlffurcUL-e  U  in  Ihs  conduaionf,  and  not  in  the  expciimcciu 
.hea.  For  a  full  diwussion  of  this  eubjcct,  tbe  reader  ia  refertei  (o  the  worfc 
of  Dr.  Burroim  on  Smrdtrtof  Iht  Certbral  Cireulaiiim,  d;c.  (Amerii/an  reprint), 
PblUdvlphii,  18-18, 


334  CtBLTLATtON. 

liqaid,  the  eephalo-radiidion  flnid,  vhidi  16  capable  of  pae- 
iag  from  the  surface  of  the  brain  to  the  fipiaal  canal,  toi 
communicatee  with  the  fluid  in  the  Tentricles.'     This  he  b»» 
conclusively  demonstrated  to  be  situated,  not  between  U« 
layers  of  the  arachnoid,  as  was  supposed  by  Bichat,  but  l» 
twecn  the  inner  layer  of  this  membrane  and  tho  pia  matet. 
Tlie  eoinmunioation  between  the  cranial  canity  and  the  spinal 
canal  is  very  free.    This  was  demonstrated  by  cxpoung  the 
dura  Qiater  of  the  brain  and  of  the  cord,  making  an  opcniif 
in  the  membranes  of  the  cord,  so  as  to  allow  the  liquid  lo 
escape  (which  it  does  in  quite  a  forcible  jet),  when  pressare 
on  the  membranes  of  the  brain  not  only  accelemted  the  flow, 
but  pressed  out  a  quantity  of  the  liquid  after  all  that  would 
escape  spontaneously  had  been  evacuated. 

It  is  easy  to  see  one  of  the  physiolo^cal  nses  of  this  litjnid- 
When  the  pressure  of  blood  in  the  arteries  leading  lo  the 
brain  is  increased,  or  when  there  is  an  obstacle  to  its  retom 
by  tlie  veins,  more  or  less  congestion  takes  plaoe,  and  th* 
blood  forces  the  liqnid  from  the  cranial  into  the  spinal  caTitT ; 
the  reverse  taking  place  when  the  supply  of  blood  to  the  brain 
is  diminished.  The  functions  of  all  highly  organized  and' 
vascular  parts  seem  to  require  certain  variations  in  the  wrp- 
ply  of  blood ;  and  there  is  no  reason  to  suppose  that  tbo 
brain,  in  its  varied  conditions  of  activity  and  repose,  is  any 
exception  to  this  general  rule,  though  the  physiological 
ditions  of  its  vascularity  are  not  easily  studied, 

In  some  late  experimenta  by  Mr.  Durham  on  the, 
o\ogy  of  sleep,  the  comparative  vascularity  of  the 
of  the  brain  at  different  times  has  been  studied  in  ani 
removing  a  portion  of  the  skull  with  a  trephine,  and 
ing  its  place  by  a  watch-gla^s  cemented  to  the  edges  of  the 
bone  with  Canada  balsam.     In  these  experiments,  the  author 
demonstrates  that  the  vessels  are  much  more  conge^ed  dur- 

'  Haccsuci^  Journal  dt  Phytologit,  1823,  Mme  *.,  p.  ST  (f  m^  wd  IBXT, 
unie  lii.,  p.  CB  «( Kq.  Sur  vit  Li^idt  qvi  m  trvwt*  daut  I*  Oom  «(  It  C^^ 
Vtrlibnd  dt  rHomnu  H  du  Animaiu  Mainrn^firtM. 


>oee,  la  any 
logical  OQiks 

u>hn^^| 
ind  sDpply- 
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tog  the  activity  of  the  brain,  tlian  during  tbe  Buspension  of 
its  functions  in  sleep.  Tbo  blood-vcsaela  of  tbe  jneninges 
Were  exposed  freely  to  view  by  tbe  operation,  and  were 
examined  by  tbe  microscope,  witb  a  low  power,  aa  well  as 
with  tlie  naked  eye.'  From  these  and  other  observations 
npoa  the  human  subject,  as  well  as  upon  tho  iaferior  ani- 
mals, there  can  bo  no  doubt  that  the  blood-vessels  within 
the  cranial  cavity  are  subject  to  considerable  physiological, 
as  well  as  pathological  variations  in  tension ;  which  is  an 
important  fact  in  its  bearing  upon  certain  forms  of  cerebral 
diaease.* 

Physiologists,  even  before  the  time  of  Haller,  had  noticed 
altemnte  movements  of  expansion  and  contraction  in  the 
bruin,  connected  with  the  acta  of  respiration.  This  ia  ob- 
Borved  in  children  before  the  fontanels  are  closed,  and  in 
the  adult  when  tho  brain  is  ezposed  by  an  injury  or  a 
snrgiciil  operation,  Tbe  movements  are,  an  expansion  with 
the  act  of  expiration,  which,  in  violent  efforts,  is  sometimes 
so  considerable  as  to  produce  protrusion,  and  contraction 
with  inspiration.  Magendie  also  studied  these  movements, 
which  he  explained  in  the  following  way  : '  With  the  act  of 
expiraiioD,  the  flow  of  blood  in  the  arteries  is  favored,  and 
tbe  corrent  in  the  veins  is  retarded.  If  the  effort  bo  violent, 
the  velve  at  tbe  opening  of  the  internal  jugular  may  be 
olofied.  This  act  would  produce  an  expansion  of  the  brain, 
not  from  reflux  by  the  veins,  but  from  tlie  fact  that  the  flow 
into  the  chest  is  impeded,  and  the  blood,  wliile  passing  in 
more  freely  by  the  arteries,  is  momentarily  confined.  With 
inspiration,  the  flow  into  the  thorax  is  materially  aided,  and 
the  brain  is  in  aome  degree  relieved  of  this  expanding  force. 

'  jUTnon  E.  Dinuiui.  The  FAj/thtogy  ef  Sltrp—Ovy't  UoipUal  Rrporti,  1 80i  i, 
P.HB. 

'  See  vol.  ir.,  Kutoub  ^jHtem,  p.  4aS,  et  is;.,  far  a  fftrtbcr  consideration  of 
iIm  oODiIitioD  of  (be  brain  during  sleep,  ihe  full  cliscuaMon  of  «bieli  Uelocgs 
propcrijf  w  llie  nciTOiu  cj-aWm. 

'  U^QESDIE,  Dc  rinfiaentt  da  mmiivrnnit  dt  la  poitrint  tt  da  rfoTtt  lur  l« 
Cfmtlat^on  du  tang. — Journal  dl  pAyiiologir,  PacU,  lt)2I,  tarns  i.,  p.  133,  tt  ttq. 
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Gobin  has  lately  DOted  ft  pocaliontr  in  tbe  small 
of  the  bram,  Bpioal  cord,  and  pia  mater,  vliich  is  cnriont,  tnt 
Uie  pliysiological  liinction  of  which  is  not  yet  ap[nreBL* 
These  ves^^ele  are  stuToanded  by  8  thin,  amorphom  sbeadi, 
vhicli  has  a  diameter  of  iroin  y^jm  to  ]^  of  an  inch  greater 
than  that  of  tbe  ve^^el  itfetf.  Between  this  and  tbe  blood 
rei^eel  is  a  tratiBparetit  liquid.  This  strDctore,  wbidi  baa 
been  observed  in  no  other  part  of  tbe  circnlatoiy  ereteni,  il 
regarded  by  its  discoverer  as  the  coinmeneement  of  the  Itbi- 
]ihatic3  of  the  nervons  centres.  "What  effect  this  di^pudtkil 
of  tlie  vessels  may  have  upon  tbe  facility  with  wliieli  thc^ 
may  become  dilated  or  contracted,  it  is  difficult  to  detcmuM. 

Circviation  in  Ered-Ue  Tttsues. — In  the  oi^ans  of  geaet' 
ation  io  both  sexee  there  exists  a  tissue  whidi  h  gnbjert  U 
great  increase  in  volume  and  rigidity,  when  in  a  state  of  v^ 
is  called  erection.  The  parts  in  which  the  erectile  tissue 
iets  are,  in  tbe  male,  the  corpora  cavernosa  of  the  penlft,  tbft 
corpora  qrangioea,  with  the  glans  penis;  and  iu  tbe  femtk^ 
the  corpora  cavernosa  of  tbe  chtoris,  the  gland  of  the  cUtoris 
and  the  bulb  of  the  vestibnle.  In  addition,  !Ronget  has 
demonstrated  the  presence  of  true  erectile  tissue  in  tbo  body 
of  the  uterus,  and  in  a  bulb  annexed  to  (he  oraty  of  ihn  bo- 
man  female,  but  states  that  it  is  not  found  in  tbe  infaiov 
animals.  He  has  shown  by  injections  that  tbe  atenu  k 
capable  of  erection  like  the  penis."  In  some  other 
eudi  as  tbe  nipple  and  tbe  mucous  membrane  of  tli* 
vagina,  which  are  sometimes  described  as  erectile,  the  pec» 
1i»r  vascular  arraugenieut  which  is  characteristic  of 
erectile  tissue  is  not  found.  In  the  nipple,  tbe  hardncES 
wliioh  follows  gentle  stimulation  is  dimply  the  resnit  of 
traction  of  the  smooth  muscuhir  fibres  with  which  this  poit 

'  RoBis,  Burunt  Tuniytu  Apparlmanli  en  prt-jiri  aia  Copinnra  & 
Sathidlciu,  Jattmat  di  la  fhytioio^  rtf.,  Oou  1859,  lone  IL,  pi  BIX, 

'  Boccir,  Jlithereha  mtr  Ut  Orymtt  £nMM  Jt  la  Ftmrnm,  «fc 
dt  h  Phylelegit,  Puil.  18BB,  tOM  L,  pp.  830,  4TP,  TW. 


KKECTILE  TISSUES. 


837 


ely  BHpplied,  and  is  analogous  to  tlie  olevationa  in  the 
i  of  the  skin  froui  the  same  caiiGe,  ra  what  is  called 
''goose-flrah.    lo  the  vagina,  congestion  may  occur,  as  in  other 
miicons  membranes,  hut  there  is  no  proper  erection. 

Tlie  vascular  arrangement  in  erectile  organs,  of  which  the 
penis  may  bo  taken  as  the  type,  is  peculiar  to  them,  and  not 
found  in  any  other  pait  of  the  circulatory  syatem.  Taking 
the  penis  as  an  example,  the  arteries,  which  have  an  unnsnally 
thick  mnscnlar  coat,  after  they  have  entered  the  organ,  do  not 
simply  branch  and  divide  dichotomoualy,  as  in  most  other 
pAtts,  b«t  send  off  large  numbers  of  arborescent  branches, 
which  immediately  become  tortuous,  and  are  distributed  in 
the  cavernous  and  spongy  bodies  in  numerous  anastomosing 
vo6fiel9,  with  but  a  single  thin  homogeneous  coat,  like  the  true 
capillaries.  These  vessels  are  larger,  even,  than  the  arterioles 
which  supply  them  with  blood,  some  having  a  diameter 
of  from  ^  to  -^  of  an  inch.'  The  cavernous  bodies  have  an 
external  investment  of  strong  fibrous  tissue  of  considerable 
elasticity,  which  sends  bands,  or  trabeculte,  into  the  interior, 
by  which  it  is  divided  up  into  cells.  The  trabeeulffi  are  com- 
posed of  fibrous  tissue  mixed  with  a  largo  number  of  smooth 
nauecniar  fibres.  These  cells  lodge  tlie  blood-vessels,  which 
minify  ill  the  tortuous  manner  already  indicated,  and  finally 
terminate  in  the  veins.'  The  anatomy  of  ihe  corpora  spou- 
((iosa  is  essentially  tlie  same;  the  only  difference  being  that 
tbe  fibrous  envelope  and  the  trabeculas  are  more  delicate, 
atid  the  cells  are  of  smaller  size. 

"Without  going  fully  into  the  mechanism  of  erection, 
which  comes  more  properly  ander  the  head  of  generation,  it 
may  be  stated  in  general  terms  that  during  sexual  escite- 

'  BoHis,  Obtrrtaliuni  tvr  la  C'onltilutioa  Ja  Tusu  £redilt,  Paris,  IBBC. 

'  J.  UuUir  pnT^scd  (o  hare  dbcovciej  s  peculiarity  ia  tbe  uierics  of  «recCile 
tteBDta  consisling  in  arbonscent  diverticula  ttota  lbs  main  Temel,  with  bliail  cx- 
tnniti«i.  These  he  calleil  the  hdieine  arleria.  (.Viiniir/  lU  Phi/moiiigie.  Trad. 
pitrJtilinian,  Fans,  1851,  toiD«  L,  p.  181.)  Rougct  in  his  admirable  article  [loe, 
til)  hu  goue  oTvr  Ibo  experimeatu  of  Huller.  anil  thonn  coDCtusiTol)-  (Imt  (lie 
■ocaDed  hcllcine  nrlorics  do  not  ciifit;  and  that  the  appearances  destribcJ  bj 
lO  Imperfect  filling  of  the  vcssela  bj  iJic  iuJoclioiL 
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ment,  or  when  erection  occnre  from  any  cnaee,  tlie  thick  n 
cular  walls  of  the  arteries  of  enpply  relax,  and  allov  the  to- 
tcrial  pressure  to  distend  the  capacione  rcsseU  lodged  in  tl 
cells  of  tlie  cavemoos  and  spongy  bodies.    This  prodnees  the 
characteristic  change  in  the  volntue  and  position  of  tiio  otgns. 
It  is  evident  that  erection  depends  npon  the  pecoltar  a 
ment  of  the  hlood-veeselB,  and  is  not  eimply  a  cong^oo, 
SQch  as  could  occur  in  any  vasciihir  part.     Dnrtng  emti«%' 
there  is  not  a  stasis  of  Llood  ;  bnt  if  it  continne  for  any  length 
of  time,  the  iiaantity  which  paseee  ont  of  the  part  by  the 
veins  must  be  eqnal  to  that  which  passes  in  by  the  aitcria 
If  retura  by  the  Tcins  were  prevented,  gangrene  wotiH  iaei 
itably  supervene,  an  occiirrenoe  which  Bometiroes  lakes  plac 
when  the  root  of  the  penis  has  become  constricted,  and  ieoc 
speedily  relieved.     Erection  may  I>e  ppodneed  io  the  dcM 
body,  by  preventing  reflux  by  the  veins,  and  tilling  tiiB  re 
sels  contained  in  the  cells  of  the  cavemons  and  spongy  bodii 
by  injection.     It  has  been  shown  by  Miiller  that  the  penil 
may  be  made  rigid  by  an  injection  at  a  pressure  about « 
to  the  preesnre  of  blood  in  the  arteries.' 

The  mechanism  of  erection  of  tlie  clitoris,  and  c 
erectile  parts,  is  essentially  the  same  as  in  the  pentiL     It  i 
seen  that  in  this  condition,  circulation  h  by  no  nneans  arrested 
and  tlie  tortnons  vessels  are  filled  with  blood  by  an 
ment  in  the  caliber  of  the  small  arteries  of  supply. 

Roiiget  has  shown  that  the  body  of  the  nterns  p 
erectile  tissue  as  perfect  as  that  of  the  ]>enis ;  and  ttiat  nfti 
death  the  organ  may  be  made  to  change  its  fonn  and  poel 
lion  by  injecting  the  vessels,  when  it  increases  in  azc  aboH 
line-half,  rising  up,  and  becoming  rigid  and  erect  i»  ihc  eavil] 
of  the  pelvis.' 

This  relaxation  of  the  muscular  coats  of  the  arteriea  onlj 
exists  for  a  time ;  tonic  contraction  occurs,  the  enpply  ( 
blood  is  diminished,  and  the  organ  returns  to  its  otdittU] 
condition. 

'  J,  Mftun;,  op.  ci(,,  lome  i„  p,  182.  '  Roton.  op. 
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Under  Btimulation,  the  muscular  litres  in  tbe  co^erini; 
and  tniljecttlBe  of  the  corpora  euveniosa  and  Bpongioaft  may 
contract,  force  ttie  blood  from  the  pnrts,  and  pnxluco  a  cei'- 
tWD  ainouiit  of  rigidity,  with  diminution  in  size.  This  is 
fre<]neat]j  seen  under  the  influence  of  cold,  which  is  a  pow- 
erful excitant  of  the  unatriped  muscular  fibres. 

J}erivaiive  Circulation. — In  some  parts  of  the  circulatory 
eysteoi,  there  exists  a  direct  communication  between  the  arte- 
ries and  tbe  reina,  so  tliat  all  tbe  blood  does  not  neeeBsarily 
pa^  through  the  minute  veesela  wluch  have  been  described 
HS  true  capillartea.  This  peculiarity  has  been  closely  studied 
by  il.Sucfiue  t,  who  waa  first  led  to  investigate  the  subject  by 
noticing  that  by  injecting  a  very  small  quantity  of  fluid,  en- 
tirely insufficient  to  till  all  the  CBpillaries  of  a  member,  it  was 
returned  by  certain  of  the  veins.  On  using  a  black,  solidifi- 
al)le  injection,  he  found  that  there  were  certain  parts  of  tbe 
tipper  snd  lower  extremities  and  the  head  which  became 
colored  by  the  injection,  while  other  parta  were  not  pene- 
trated. Following  this  out  by  dissection,  he  showed  that,  in 
the  upper  extremity,  the  skin  of  the  lingers  and  part  of  the 
palm  of  the  hand,  and  the  akin  over  the  olecranon,  is  provided 
with  vessels  of  considerable  size,  which  allowed  the  fluid  in- 
jected by  the  axillary  artery  lo  pass  directly  into  bouio  of 
the  vcim,  while  in  other  parts  the  veins  wore  entirely  empty. 
Extending  his  i-eaearches  to  the  lower  extremity,  he  found 
analogous  communications  between  Ihe  vessels  in  the  knee, 
toes,  and  parts  of  tbe  sole  of  the  foot.  He  also  found  com- 
municationa  in  the  uoae,  cheeka,  lips,  forehead,  and  ends  of 
tbe  ears,  parts  which  are  particularly  liable  to  changes  in  color 
tVom  congestion  of  vessels.' 

'  J.  P.  ScoiDKT,  D/i  li  Circulaiioa  du  &iHg  dan*  Irt  ifembra  el  liant  la  T-'lt 
dt  rffonwu,  Piris,  ISCO,  p.  III>.  ThougU  all  tho  pLjsiulogical  dtulucUoiu  [d  Oils 
mtiii^r  do  not  wem  jtutiflable,  tUo  ualamiual  fads  are  undoubted,  The  prcpk- 
fmlloiu  lure  been  ciantined  b;  a  commiisioa,  at  nbivli  H.  Rubin  tros  n  lucmbar, 
■hlch  vouQnued  Uie  tlatucueots  of  U.  Sucquel.    (Oral  comniuDicalioD  IHim  U. 
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It  is  evident  tliat,  tioder  certain  circamstaDces,  a  In^ 
quantity  of  blood  than  usnal  may  pass  throagh  tlieee  put) 
without  necessanly  penetrating  the  true  capillariee  and  tiiu 
exerting  a  modifying  influence  upon  nutrition.  The  change! 
which  are  liable  to  occur  in  the  quantity  of  blood,  in  tlie 
force  of  the  heart's  action,  etc.,  may  thus  take  place  wiBtunt 
disturbing  the  circnlation  in  the  capillaries,  a  provision  wbidi 
the  functions  of  the  parts  would  seem  to  deniaud.' 


Pulmonary  Circulation. — The  vascular  Bystem  of  t 
lunga  merits  the  name,  which  is  frequently  applied  lo  it, 
the  lesser  circulation.  The  right  side  of  the  heart  acts  sim 
taneonsly  with  the  left,  but  is  entirely  distinct  from  it,  and 
muscular  walls  are  very  much  lees  powerful.  Tim  pak 
nary  artery  lias  thinner  and  utore  distensible  coats  than  I 
aorta,  and  distributes  its  blood  to  a  single  system  of  t*\ 
laries,  which  are  located  very  near  the  heart.  l\"e  hsrc  st 
that  the  orifice  of  the  pulmonary  arterj'  is  provided  w 
Talves  which  prevent  regm^tation  into  the  ventricle 
the  substance  of  the  lungs,  the  pulmonary  artery  is 
up  into  capillaries,  most  of  them  just  large  enough  to  oil' 
the  passage  of  the  blood-corpuseles  in  a  single  row. 
vessels  are  provided  with  a  single  coat,  and  form  a  very 
network  surrounding  the  air-cells.  From  the  capillaries,  I 
blood  is  collected  by  the  pulmonary  veins,  and  conveyed 


'  Before  the  pablinlion  of  the  raseuvhes  of  Suquel.  Todd  niul 
tiooed  thu  poESilulit]'  of  diri^^t  comnmidcaliaDs  bclwem  the  ttUxia  mA  n 
uuiij'  parts  of  the  bodj,  uid  Itie  probkblu  eiisieoce  of  euch  coDumnlouii 
■ome  of  the  bonee. 

"It  is  not  imprabible  that  further  nscardi  miv  ilclcct  »  direct  ccmimiJ 
between  arteries  and  reim,  even  in  UsQes,  the  greatest  part  of  which  b  fal 
with  a  true  capillary  pleiuf.  lu  the  cancellated  etnjcturo  of  liOl>«,  atnl  Ibe 
<  of  the  ctsdIsI  bODes,  it  Beema  highlr  probable  that  the  arteries  comminiiei 
mediatelj  with  the  Tooa  at  roaay  points.  Ur.  Pasel  \J,eetura  m  Jnjiamm 
deseritm  a  direct  eanununicatloo  bctWFOi  the  artcrie*  and  rein*  of  the  wi 
the  bat.  without  any  inlermedlxte  capilLvf  pleiiu." — Todd  nod  lla«iu«,  Jfj^ 
eltffieal  Anatomy  and  Ph^notoffy  of  Han,  American  edition,  PhUailelphia,  IM 
p.  OflS. 


Uie  left  auricle.  Tliere  is  no  great  dippaiitj  between  llie  ar- 
teries and  veiiia  of  the  pulmonary  Hystera  aa  regards  capacity. 
The  pnUnonary  Tcing  in  the  human  subject  are  not  provided 
with  ralree. 

The  blood  in  its  passage  tliroiigh  the  lungs  does  not  meet 
with  the  resistance  wliich  is  presenred  in  the  systemic  circu- 
lation. This  fact  we  have  often  noticed  in  injecting  defibrin- 
ated  blood  through  the  lungs  of  an  animal  just  killed.  We 
have  also  observed  that  an  injection  passes  throngh  the  Innga 
as  easily  when  they  are  collapsed  as  when  they  are  inflated. 
The  anatomy  of  the  circulatory  syetem  in  the  lungs  and  of 
the  right  side  of  the  heart  showa  that  the  blood  must  pass 
through  these  organs  with  comparative  ease.  The  power  of 
the  right  ventricle  is  evidently  lesa  than  half  that  of  the  left, 
and  the  pulmonary  artery  will  sustain  a  much  less  pressure 
tlian  the  aorta. 

The  two  sides  of  the  heart  act  eiiuultaneously ;  and  while 
the  blood  is  sent  by  the  left  ventricle  to  the  system,  it  is  sent 
by  the  right  ventricle  to  the  lungs.  Some  physiologists  have 
endeavored  to  nieasure  tho  pressure  of  blood  in  the  pnlmo- 
nary  artery.  The  only  experiments  which  have  not  involved 
opening  tiie  thoracic  cavity,  an  operation  which  must  inter- 
tfere  materially  with  the  pressure  of  blood  in  the  pulnionaiy 
artery,  as  it  does  with  the  general  arterial  pressure,  are  those 
of  Chauveau  and  Faivre."  These  observers  measured  the 
pressure  by  connecting  a  cardionieter  with  a  trocar  intro- 
duced into  the  pulmonary  artery  of  a  living  horse,  through 
one  of  the  intercostal  spaces,  and  found  it  to  be  about  one- 
tbird  as  great  as  the  pressure  in  the  aorta ;  an  estimate  which 
corresponds  pretty  nearly  with  the  comparative  power  of  tlie 
two  ventricles,  as  deduced  from  the  thickness  of  their  muscu- 
lar walla. 

Anatomy  teaches  us  that  the  capillariua  of  the  lungs  have 
tetteedingly  delicate  walls ;  and  it  is  evident  that  rupture  of 
^^^V^psaelfl  from  excessive  action  of  the  heart  would  lead  to 

ovr,  Train  dt  Fhytiola^r,  Paris,  IBCl,  loLie  L,  pp.  88fl,  B61. 
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It  is  evident  tliat,  under  certain  circurastancea,  alugot. 
qnantity  of  blood  thnn  u«imT  may  pass  througlj  these  jkus 
withont  necessarily  penetrating  the  true  capiUaries  and  tint 
exerting  a  modifying  influence  u]M>n  nutrition.  The  cbaii«a 
which  are  liable  to  occur  in  the  quantity  of  blood,  in  lie 
fores  of  the  lieart'a  action,  etc.,  may  thus  take  place  vitboot 
disturbing  the  circulation  in  the  capillaries,  a  provision  icliiii 
the  functions  of  the  parts  would  seem  to  deaiand.' 

Pulmonary  Circulation. — TLe  vascular  system  of  tin 
lungs  merits  the  name,  which  is  frequently  applied  to  it,  rf 
tlie  lesser  circulation.  The  right  aide  of  the  heart  acts  dmn^ 
taneoualy  with  the  left,  but  is  entirely  distinct  from  it,  sa&  'M 
muscular  walls  are  very  nnich  lees  powerful.  The  pulnw- 
nary  artery  has  thinner  and  more  distensible  coats  than  tit 
aorta,  and  distribute  its  blood  to  a  single  system  of  cajiit 
lariea,  which  arc  located  very  near  tho  heart.  We  have  seen 
that  the  orifice  of  the  pulmonary  artery  is  provided  wiA 
valves  wliich  pre\'ent  regurgitation  into  the  ventricle.  Il 
the  substance  of  the  lungs,  the  pulmonary  artery  ia  brokq 
up  into  capillaries,  most  of  them  jnst  lai^e  enough  tn  alloi 
the  pasEi^e  of  the  blood-corpnscfes  in  a  single  row.  Then 
vcr^scls  lire  provided  with  a  sinj;le  cuat,  ami  li>nu  a  vcrycii:^ 
network  Burrounding  the  nir-cclla.  Troui  the  capillaries,  the 
blood  is  collected  by  the  pulmoniiry  veins,  and  conveyed  W 

'  Before  lUe  puWioalion  of  llio  researches  of  Sm[uct,  ToilJ  and  Uoitiiibii  nc- 
lioDCil  iliv  poE9ibHitj  uf  ilirrct  commuiiiuitiiuia  bdHVLii  tlif  arteries  and  tl'uu  ii 
niuiiy  pai'M  of  tha  liodv,  ailJ  tliu  probAblv  oiliiliTlce  of  s 
taroa  of  llic  bone?. 

"It  U  not  improbaljlc  tliat  furtlicp  rt'soart'li  rniiy detect  ailiivct  C( 
bi'twccn  arteries  mid  Teina,  cvoa  ill  lii!'siies,  the  ^^rl■!ltc^t  part  of  wliich  ia  furni'bfi 
nitli  u  Hue  caplllarj  pWn?.  Iii  llif  i  !'■  ■  II  lI.  ■:  ■nii  nci'  nClione,  und  tlie  difdw 
■  of  ili^  erniiiul  bones,  it  Bcems  biylil}  |-'  m.  lii-a  commiluie«le  mi 

nieJiulflj-  ivith  Ihuitina  at  manj-  ] ^!        '  ■  ■   ''r.f  on  Jiyfawimai.V 

lUebat,  nithout  any  inlennedUtc  o^iiillan  pU'Vu-.''— Tol-ii  iind  Bovniis,  Phfi, 
oloffieal  Analemi/  ami  l'hiino!o'j>i  of  J/uii,  American  cJilion,  Iliiladclphia,  IJiT 
p.  002. 
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the  left  auricle.  Tliere  ifl  no  great  disparity  between  the  ar- 
teries and  veins  of  the  pulmonary  system  as  r^ards  capacity. 
The  pulmonary  veins  in  the  human  subject  are  not  provided 
with  valves. 

The  blood  in  its  passage  through  the  lungs  does  not  meet 
with  the  resistance  which  is  presented  in  the  systemic  circu- 
lation. This  fact  we  have  often  noticed  in  injecting  defibrin- 
ated  blood  through  the  lungs  of  an  animal  just  killed.  Wo 
have  also  oI)3er\'ed  that  an  injection  passes  through  the  lungs 
as  easily  when  they  are  collapsed  as  when  they  are  inflated. 
The  anatomy  of  the  circulatory  system  in  the  lungs  and  of 
the  right  side  of  the  heart  shows  that  the  blood  must  pass 
through  these  organs  with  comparative  ease.  The  power  of 
the  right  ventricle  is  evidently  less  than  half  that  of  the  left, 
and  the  pulmonary  artery  will  sustain  a  much  less  pressure 
than  the  aorta. 

The  two  sides  of  the  heart  act  simultaneously;  and  while 
the  blood  is  sent  by  the  letl  ventricle  to  the  system,  it  is  sent 
by  the  right  ventricle  to  the  lungs.  Some  physiologists  have 
endeavored  to  measure  the  pressure  of  blood  in  the  pulmo- 
nary artery.  The  only  experiments  which  have  not  involved 
opening  the  thoracic  cavity,  an  operation  which  must  inter- 
fere materially  with  the  pressure  of  blood  in  the  pulmonary 
artery,  as  it  does  with  the  general  arterial  pressure,  are  those 
of  Ghauveau  and  Faivre.*  These  observers  measured  the 
pressure  by  connecting  a  cardiometer  with  a  trocar  intro- 
duced into  the  pulmonary  artery  of  a  Ifving  horse,  through 
one  of  the  intercostal  si)ace8,  and  found  it  to  be  about  one- 
third  as  great  as  the  pressure  in  the  aorta ;  an  estimate  which 
corresponds  pretty  nearly  with  the  comparative  power  of  the 
two  ventricles,  as  deduced  from  the  thickness  of  their  muscu- 
lar walls. 

Anatomy  teaches  us  that  the  capillaries  of  the  lungs  have 
exceedingly  delicate  walls ;  and  it  is  evident  that  rupture  of 
these  vessels  from  excessive  action  of  the  heart  would  lead  to 

'  LoKon,  Traite  ds  Phytiolo^ey  Paris,  1861,  tome  i.,  pp.  886,  887. 
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grave  results.  It  has  already  Leeii  noted  that  on  Ibe  ri^ 
side  the  Inngs  are  protected  by  an  insaflScienoy  of  Uie 
ciiIo-ventrit:iilar  valves,  which  does  not  extat  on  the  left  sid^ 
allowing  ol'  a  certain  degree  of  regurgitation  when  tlie  han 
is  acting  with  unusual  force,  and  tlius  relieving:,  to  n  certaik 
extent,  the  pulmonary  system.  This  was  pointed  out  hylt. 
ICing  of  London,  and  called  the  safety-valve  function  vf  tie 
right  Tentricle.'  We  have  noticed,  in  the  heart  of  the  uK,tlib 
disparity  between  the  aortic  and  pulmonic  Beinilunor  valiv, 
If  these  be  exposed  on  both  sides  by  cutting  away  portiotu  rf 
the  ventricles,  and  a  current  of  liqiud  he  forced  against  ihoD 
through  the  vessels,  the  aortic  valves  will  be  fonnd  to 
ly  ]>revent  the  passage  of  the  liquid,  even  under  very  gcet 
pressure,  while  the  pulnionic  valves  permit  regurgitation  mk 
der  a  very  inconsiderable  pressure.  A  little  reflection  uSi 
make  it  evident  that  when  the  heart  is  acting  with  nndM 
force  it  is  quite  as  importaut  to  relievo  the  lunj^  by  a  cetttia 
amount  of  regurgitation  from  the  pulmonary  artery,  as  by 
insnfficieQcr  of  the  tricuspid  valves.  This  iiisufficicutij'  i(> 
importaut,  both  at  the  auriculo-ventricuiar  and  pulmonic  ofv 
fices,  in  ]>rotecting  the  delicate  structure  of  the  lungs  fron 
the  variations  iu  force  to  which  the  action  of  both  vi^tridn 
is  constantly  liable. 

On  microscopic  examination  of  the  circulation  in  tbe 
loff-er  animals,  as  the  irog,  the  movement  of  blood  in  tlie  e^ 
pillaries  of  the  lungs  does  not  present  any  differences  from  tlit 
capillary  cireulation  in  other  parts ;  except  that  lite 
seem  more  crowded  with  corpuscles,  and  there  is  no  "etill 
layer  "  next  tlieir  walls. 

There  are  no  forces  of  any  moment  which  are  Buperaddei 
to  the  action  of  the  nght  ventricle,  in  the  prodaction  of 


irculation  iu  the  It 


ng« 


arterial,  capillary, 

there  are  certain  conditions  which  may  olvstruct  the  dove  of 
blood  through  these  parts.    We  have  already  noted  the  eC 
of  introduction  of  ah*  into  the  veins,  in  blocking  up  the  CBf& 

•  Gay-t  Hotpilal  Sej/irft,  1887. 
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laries  of  the  lungs,  and  preventing  tlie  passage  of  blood.  It 
is  a  view  pretty  generally  entertained,  that  in  ai^phyxia  the 
non-aeration  of  the  blood  obstructs  the  pulmonary  circula- 
tion. We  have  already  considered  this  subject  rather  fully 
in  treating  of  the  general  effects  of  arrest  of  respiration  on 
the  circulation.  The  celebrated  experiments  of  Bichat  dem- 
onstrated the  passage  of  black  blood  through  the  lungs  in  as- 
phyxia, and  its  presence  in  the  arterial  system.  The  experi- 
ments of  Dalton  and  others  have  shown  that  in  this  condi- 
tion, the  obstruction  to  the  circulation  occurs  first  in  the  sys- 
temic capillaries,  and  the  distention  is  propagated  backward 
through  the  great  vessels  and  left  cavities  of  the  heart  to  the 
right  side.  When  the  heart  is  exi)osed  in  a  living  animal, 
and  artificial  respiration  is  kept  up,  arrest  of  rcj^piratiou 
produces  engorgement  and  labored  action  of  both  sides. 
Tliere  are  no  obser\'ations  which  show  that  increase  of  i)i*e56- 
ure  in  the  ])ulmbnarv  arterv  is  the  first  and  immediate  result 
of  asphyxia.  It  is  true,  that  after  death  the  right  side  of  the 
heart  is  engorged;  but  it  is  well  known,  from  ohscrvations 
after  death,  and  experiments  on  living  animals,*  that  the 
tonic  contraction  of  the  arteries  is  competent  to  empty  the 
blood  into  the  veins ;  and  the  facts  just  stated  regarding  the 
insutiicicncy  of  the  pulmonic  semilunar  valves  explain  how 
the  right  side  of  the  heart  may  become  engorged  as  the  result 
of  obstruction  to  the  blood-current  in  the  lefl  side.  Estab- 
lished facts  seem  to  show  that  asphyxia  does  not  primarily 
atiect  the  pulmonary  circulation;  but  that  it  is  possible  for 
venous  blood  to  pass  through  the  lungs  without  undergoing 
ai'terialization. 

General  Rapidity  of  the  Circulation, 

Several  questions  of  considerable  physiological  interest 

arise  in  connection  with  the  general  rapidity  of  the  circulation : 

1.  It  would  be  interesting  to  determine,  if  possible,  what 

*  See  experiments  by  Maoecdie  on  the  eauses  of  the  cireulation  in  the  veinif. 
PrkU  ilemcntaire  de  Fhytiol<tffif^  Paris,  1833,  tcmc  ii.,  p.  391. 
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grave  results.  It  has  alreitdy  l>een  noted  that  od  the  lizlit 
side  tlie  lungs  are  protected  bjr  an  insufficiency  of  the  wn- 
cnlo-Tentrifnlar  valves,  which  does  not  exist  on  the  left  siile, 
allowing  ol'  a  certain  degree  of  regurgitation  when  tie  luart 
is  acting  with  unusual  force,  and  thus  relieving,  to  a  eerwo 
extent,  the  pulmoTianr  system.  This  was  pointed  out  bvUi. 
Kijig  of  London,  and  called  the  safety-valve  functioD  of  tlie 
right  ventricle.'  We  have  noticed,  in  the  heart  of  the  ox,  a  like 
disparity  between  the  aortic  and  polmoniu  fiemilnnar  valns. 
If  tliese  be  exposed  on  both  sides  by  cutting  away  portions  of' 
the  ventricles,  and  a  current  of  liquid  be  forced  against  (I 
through  the  vessels,  the  aortic  valves  will  be  found  to  e 
ly  prevent  the  passage  of  the  hquid,  even  under  very  g 
pressure,  while  the  pulmonic  valves  i>ermit  r^rurgltatioD  n 
der  a  very  inconsiderable  pressure.  A  little  reflection  w 
make  it  evident  that  when  the  heart  is  acting  with  onda 
force  it  is  quite  as  important  to  relieve  the  lungg  iiy  r  <•< 
amount  of  regurgitation  from  the  jmlmonar)-  artery,  S3  I 
insuflicieocv  of  the  tricuspid  valves.  This  insofficieticy  i 
important,  both  at  the  auriculo-ventricnlar  and  pulmonic  u 
fices,  in  protecting  the  delicate  structure  of  the  luuga  froii 
the  variations  in  Ibrce  to  which  the  action  of  both  venti 
is  constantly  liable. 

On  microscopic  examination  of  the  circulation   in  t) 
lower  animals,  as  the  frog,  the  movement  of  blood  in  tlie  c 
])illariL-s  of  the  lungs  does  not  present  any  dilTerencee  frvm  tl 
capillary  circulation  in  other  pails ;  except  that  Uie  v 
seem  more  crowded  with  corpuscles,  and  there  is  no 
layer  "  next  their  walls. 

There  are  no  forces  of  any  moment  which  are  &ap«rw](I« 
to  the  action  of  the  right  ventricle,  in  the  production  of  t 
arterial,  capillary,  or  venous  circulation  in  the  lungii;  fc 
there  are  certain  conditions  which  may  obstrnct  the  flow  a 
blood  through  these  pait&    Wo  have  already  noted  the  effeo 
of  introduction  of  air  into  the  %'eins,  in  blocking  np  ihu  cap3 

'  euyV  ffoipital  RrporU,  1887. 


Iftrles  of  tlie  lungs,  and  preventing  the  passage  of  blood.  It 
U  a  view  yretty  generally  entertained,  that  in  anphyxla  the 
non-aenttion  of  the  blood  obstructs  the  puluionar}-  circaln- 
tioD.  We  have  already  considered  tliis  subject  ratlier  fully 
in  treatiog  of  the  general  efli.-cts  of  arrest  of  respiration  on 
the  circulation.  The  celebrated  experiments  of  Bic-hat  dem- 
onstratod  the  passage  of  black  blood  through  the  hiiigs  in  as- 
pliTsin,  and  its  presence  in  the  arterial  syetem.  Tbe  cxperi- 
tneutd  of  Dalton  and  others  have  shown  that  in  this  condi- 
tion, tlie  obstruction  to  tbe  circulation  occurs  first  in  t!ie  sys- 
temic cupillariee,  and  the  distention  is  propagated  backward 
tltrongh  the  great  vessels  and  left  cavities  of  the  heart  to  the 
right  aide.  When  the  heart  is  exposed  in  a  living  animal, 
and  artiticial  respiration  is  kept  up,  arrest  of  respiration 
produces  engorgement  and  labored  action  of  both  sides. 
There  arc  no  observations  which  show  that  increase  of  press- 
are  in  the  pulmonary  artery  ia  the  first  and  immediate  result 
of  asphyxia.  It  is  true,  that  after  death  the  right  side  of  the 
heart  is  engorged;  but  it  ia  well  known,  from  observations 
after  death,  and  experiments  on  living  animals,'  tbat  the 
tonic  contraction  of  the  arteries  is  competent  to  empty  tbe 
blood  into  the  veins;  and  the  facts  just  stated  regarding  the 
insufficiency  of  the  pulmonic  semilnnar  valves  explain  how 
the  right  aide  of  the  heart  may  become  engorged  as  tlie  result 
of  olwtruction  to  the  blood-current  in  the  left  side.  Estab- 
lished tiicts  seem  to  6how  tbat  asph.>'xia  docs  not  primarily 
aflect  the  pulmonary  circulation;  but  tbat  it  is  possible  for 
venoofi  biood  to  pass  through  the  lungs  without  undergoing 
ilizatiun. 


^^j^atdiz 
I  Sever 


General  Rapidity  of  the  Clrculution. 


Several  questions  of  considerable  physiological  interest 
arise  in  connection  with  the  general  rapid  ity  of  the  circulation ; 
1,  It  would  be  interestiug  to  determine,  if  possible,  what 

'  S«  eiiKritoenW  bj  UjtaKoiuc  oa  Ibe  cnusca  of  the  drculalion  m  Ihe  leias. 
Pficit  ^immlairt  dt  Ph^olngif,  TsrU,  1833,  tome  U.,  p.  S91. 
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length  of  time  is  occupied  by  tLo  blood  in  its  pnaage 
tlirougli  tlic  entire  circuit  of  both  the  leaser  aod  gre&ter 
cirenlatifins, 

2.  What  is  the  time  reqnired  tor  the  passage  of  the  entire 
mass  of  lilooJ  through  the  heart  i 

3.  ^Vliiit  influence  has  the  number  of  pulsations  of  the 
heart  on  the  general  rapidity  of  the  circulation  i 

Tlie  first  of  these  gue&tiona  is  the  one  which  has  I 
most  satisfactorily  answered  by  experiments  on  lining  ani- 
raale.  In  1827,  Hering,'  a  German  physiologist,  ])erformed 
the  experiment  of  injecling  into  the  jiigular  vein  of  a  ]i«ng 
animal  a  harmless  substance,  which  could  be  ea&ily  recog- 
nized by  its  chemical  reactions,  and  not^d  the  time  wklcik 
elapsed  before  it  could  he  detected  in  the  hlood  of  the  xtao  of  i 
the  opposite  aide.  This  gave  the  first  correct  idea  of  the  rapidi 
ity  of  the  circnlation ;  for  though  tlie  older  pliysiol-^ists,  6i 
as  Ualler,  Ilales,  and  Keill,  had  studied  the  subject,  tlieircsti 
mates  were  founded  on  calcuIatiouB  which  had  no  aociu«t« 
basis,  and  gave  very  difl'erent  results.  The  exporiiuetit  ofi 
Hering  is  often  roughly  performed  as  a  physiological  do 
stration ;  and  we  have  thus  had  frequent  occasions  to  veri^^ 
in  a  general  way,  its  accuracy.  If,  for  example,  we  ex] 
both  jugulars  of  a  dog,  inject  into  one  a  solntion  of  ferro-cj* 
anide  of  potassium  in  water,  and  draw  a  specimen  of  blot 
trom  the  other  with  as  little  loss  of  time  as  possible,  it  wiE 
be  foimd,  that  in  twenty  or  thirty  seconds  after  the  injtjction, 
the  salt  has  had  time  to  pass  from  the  jugular  to  tho  righl 
heart,  thence  to  the  lungn  and  left  heart,  from  tliis  throagfa 
the  capillaries  of  the  head  and  face  back  to  the  jugalar  c 
the  opposite  side.  Its  presence  can  he  determinetl  by  U 
distinct  blue  color  jiroduced  on  tlie  addition  of  the  percUo 
ride  of  iron  to  the  serum,  if  the  specimen  be  allowed  la 
stand,  or  a  clear  extract  of  the  blood  may  be  made  by  boiling 
with  a  little  sulphate  of  soda  and  filtering,  trentmg  the  colore 
less  liquid  thus  obtained  with  the  salt  of  iron. 

'  1Iiuie-Edvaiii«,  Lffoni  tur  h  Phjfnolojif,  tame  ir.,  p,  862,  &*i«, 
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Pile  experimeuts  of  Ilerinfiwere  evidently  comhicteil  with 
t  care  and  afcurncj.  He  drew  the  blood  at  intervals  of 
five  seconds  after  the  commeuccment  of  the  injectioo,  and 
tliufl,  hy  repented  observations,  ascertained  pretty  nearly  the 
rapidity  of  a  circnit  of  blood  in  the  animals  on  i^'hicli  he  ex- 
perimented. Others  have  taken  up  theae  investigation!',  and 
introdueed  some  raoditieations  in  the  manipnintione.  Vier- 
ordt  collected  the  blood  as  it  flowed,  in  little  vessels  tised  on 
R  disk  revolving  at  a  known  rate,  which  gave  a  little  more 
ezftctnese  to  the  observations ; '  but  the  method  is  essentially 
the  same  as  that  employed  by  Ilering,  and  the  results  obtain- 
ed by  these  two  observers  nearly  correspond. 

The  length  of  time  oecnpied  by  a  portion  of  blood  in 
making  a  complete  circnit  of  the  vascular  system,  in  the  hu- 
man subject,  is  only  to  be  deduced  from  observations  on  the 
inferior  animals ;  but  before  this  application  is  made,  it  will 
be  well  to  esamine  the  objections,  if  any  exist,  to  the  experi- 
mental procedure  above  described. 

The  only  objection  ■which  could  be  made  is,  that  a"  saline 
solution,  introduced  into  the  torrent  of  the  circulation,  would 
hfive  a  tendency  to  diffuse  itself  throughout  the  whole  mass 
of  blood,  it  might  be,  with  considerable  rapidity  ;  and  that 
this  fact  is  opposed  to  the  proposition  that  the  salt,  when  de- 
tected in  a  specimen  of  blood  drawn  from  a  given  vessel,  is 
nniply  carried  there  by  the  force  of  the  hlyod<'Hrrent,  This 
otjcotion  to  the  observations  of  Ilering  has  been  made  hy 
Hatteacci,  and  is  considered  by  him  as  fatal  to  their  accu- 
racy.* It  certainly  is  an  element  which  sbonld  be  taken  into 
neconnt;  but  from  tbe  definite  data  which  have  been  ob- 
tained concerning  tlie  rapidity  of  the  arterial  circulation,  and 
the  inferences  which  are  unavoidable  with  regard  to  the  Pit 
pidity  of  the  venons  circulation,  it  would  seem  that  the  saline 
solution  must  be  carried  on  by  the  mere  rapidity  of  the  arte- 

I  flow  to  the  capillaries,  which  are  very  short,  taken  up 

j*  Uattkdoci,  Phinomrna  Ph^i^ua  da  Corpt  riranii,  p.  B2S  tt  tcq. 
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from  tliem,  and  carried  on  b;  the  veins,  and  thm  Utrotigb  tlii; 
entire  circuit,  he/ore  it  has  had  time  to  dlffune  it»ti/  ftp 
eieniUj  to  interfere  with  the  obserealion.     It  is  not  upptteot 
bow  tliig  objection  can  be  overcome,  for  a  subetuice  tnoatW 
used  whidi  will  mis  n'ith  the  blood,  otherwise  it  could  uut 
pass  through  the  capillaries.    The  objection  made  by  M^ 
teucci,  especially  as  it  does  not  appear  how  the  difficult  laa 
be  obviated,  seems  an  unnecessary  retiaeinent ;  for  the  qutt- 
tton  itself  is  not  one  of  vital  importance,  on  which  <Je]i«wU 
an  important   phjdological  principle,   bat   simply  one 
which  a  tolerably  close  approximatioD  of  the  exact  truili  is  a 
sufficient  answer.     It  is  interesting  to  know  that  the  varioi 
and  complicated  actions  which  we  have  been  studying  effet.'t 
a  single  complete  circuit  of  tlie  blood  in  about  half  a  mia* 
ute ;  but  it  makes  no  great  difference  whether  it  be  fuor  or 
five  seconds  more  or  less.     In  this  statement,  we  must  not 
understood  as  denying  the  value  of  the  closest  poesible  accu- 
racy in  physiological  investigations ;  hot  it  is  evident  that 
this  accuracy  is  important  in  proportion  to  the  itiiportatiM 
of  the  question,  in  itself,  and  in  its  physiological  relatioiu. 

There  seetns  no  reason  why,  with  the  nbove  restrictionav 
(he  ixisnlts  obtained  by  Hering  should  not  be  accepted,  and 
their  application,  as  far  as  possible,  made  to  the  hninaa 
subject. 

Hering  found  that  the  rapidity  of  tlie  circalati<m  hi  dif- 
ferent animals  was  iu  invetso  ratio  to  their  size,  and  iu  direot 
ratio  to  the  rapidity  of  the  action  of  the  heart. 

The  tbilowing  are  the  mean  results  in  certain  of  tlie  do- 
mestic animals,  taking  the  course  from  jugular  lo  jngnlw, 
when  the  blood  jiasse^i  through  the  lungs  and  tlirou^b  tba 
capillaries  of  the  lace  and  head  : 

In  tbe  Horse,  Iho  drculalion  a  icconiplishcd  in  SI'S  Mccdkd^ 
'•     Dog,                '■  -  la-s      " 

'■     GmI,  "  ■'  12-8      " 

"     Babbit,  "  "  a-fl      "  ' 

'  UiLn-ExvrASW,  U>e,  cit,    Ti.'ronli  loiuiil  the  mean  npiditj  ia  Ibe  Koi 
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A|ip]yiDg  these  resnlts  to  the  human  suhjc<?t.  taking 
into  account  the  size  of  the  body  and  the  rapidity  of  the 
heart's  action,  the  daration  of  the  circuit  from  one  jugtiiar 
to  the  otlier  ia  estimated  ut  21'4  seconds,  and  the  general 
Bveri^  through  the  entire  eystera  at  23  mcoikIs.  This  is 
Hmjily  approximative;  but  the  resnita  in  the  iLlerior  ani- 
mals may  be  received  as  very  nearly,  if  not  entirely, 
accnrate. 

An  estimate  of  the  time  reqtiired  for  tlie  passage  of  the 
whole  nias3  of  blood  throngh  the  heart  is  even  leas  definite 
than  the  estimate  of  the  general  rapidity  of  the  circalation. 
To  arrive  at  any  satisfactory  reeult.itia  necessary  to  know  the 
entire  qnantity  of  blood  in  the  body,  and  the  exact  quantity 
which  paasea  through  the  heart  at  each  pulsation.  If  we 
divide  the  whole  mass  of  blood  by  the  quantity  discharged 
(TX)m  the  heart  with  oa<;h  eystole  of  tho  ventriclefl,  we  aacei^ 
tain  the  number  of  palsatious  required  for  the  passage  of  the 
whole  mass  of  blood  through  tho  heart ;  and,  knowing  the 
nnmher  of  beats  per  minute,  can  ascertain  the  length  of  time 
thus  occupied. 

The  objection  t^  this  kind  of  estimate  ia  the  inBConracy 
of  the  ditta  respecting  tho  quantity  of  blood  in  the  system, 
and  tile  quantity  which  passes  through  the  heart  with  each 
pulsation.  Nevertheless,  an  estimate  can  be  made,  which, 
if  it  he  not  entirely  accurate,  cannot  be  very  far  from  the 
truth. 

The  entire  qnantity  of  blood,  according  to  estimates 
which  seera  to  he  based  on  the  most  reliable  data,  !a  about 
one-eighth  the  weight  of  the  body,  or  eighteen  pounds  in  n 
man  weighing  one  hundred  and  forty-four.  Tlie  quantity 
discharged  at  each  ventricular  systole  is  estimated  by  Valen- 
tin at  live  ounces,  and  by  Tolkmann  at  six  ounces.'     In 

Id  be  SB'S  9CMiid«.  Id  eipcrimenling  on  Iho  crunt  vdn,  this  obseirvr  fbund 
Uist  the  circulfttioD  in  ihe  lower  cttrnuitiirs,  probablf  rrom  tho  gmitiiT  Icnglli  or 
&e  Tcssetx,  oucnpied  Iram  one  to  three  aeconda  mora  ttiao  in  Uio  head, 

'  ToDo  and  BoinuN,  Phi/iioloffiatl  Analome,  American  edition,  1»B7,  p,  704 
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treating  of  tlie  capacity  of  tlie  different  cavities  of  tlie  heart, 
it  has  been  noted  that  the  left  ventricle,  when  fiillv  distend- 
ed,  contains  from  five  to  seven  ounces.  Assnming  that  at 
each  systole  the  left  ventricle  discharges  all  its  blood,  except 
perhaps  a  few  drops,  and  that  this  quantity  in  an  ordinary- 
sized  man  is  five  onnces  (for  in  the  estimates  of  Hobin  and 
Hiftelsheiin,  the  cavities  were  fully  distended,  and  contained 
more  than  under  the  ordinary  conditions  of  the  circulation),  it 
would  require  fifty-eight  pulsations  for  the  passage  through 
the  heart  of  the  entire  mass  of  blood.  Assuming  the  pulsa- 
tions to  be  seventy-two  per  minute,  this  would  occupy  about 
forty-eight  seconds. 

We  have  given  elsewhere  the  opinions  of  various  physiol- 
ogists on  the  quantity  of  blood  in  the  body,  and  the  capacity 
of  the  cardiac  cavities,  and  shall  not  discuss  the  discordant 
views  on  the  ^^  duration  of  the  circulation,"  as  each  is  based 
on  different  opinions  regarding  the  two  essential  questions  in 
the  problem.  As  the  quantity  of  blood  in  the  body  is  sub- 
ject to  certain  physiological  variations,  there  should  be  cor- 
responding variations  in  the  duration  of  the  circulation, 
which  it  is  unnecessary  to  take  up  fully  in  this  connection. 

The  almost  instantaneous  action  of  certain  poisons,  which 
must  act  through  the  blood,  confirms  our  ideas  with  regard 
to  the  rapidity  of  the  circulation.  The  intervals  between  the 
introduction  of  some  agents  (strychnine  for  example)  into  the 
circulation,  and  the  characteristic  effects  on  the  system,  have 
been  carefully  noted  by  Blake,*  whose  observations  coincide 
pretty  closely  in    their    results  with  the  experiments  of 

Ilcrinir. 

The  relation  of  the  rapidity  of  the  circulation  to  the  fre- 
quency of  the  heart's  action  is  a  question  of  considerable  in- 
terest, Avhich  was  not  neglected  in  the  experiments  of  He- 
rinir.  It  is  evident  that  if  the  charore  of  blood  sent  into  the 
arteries  be  the  same,  or  nearly  the  same,  under  all  circum- 

'  EdiiJ/urgh  MoJ,  and  Surgical  Journal^  1840,  toL  UiL,  p.  85,  and  1S41,  n>L 
Ivi.,  p.  412. 
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Btaoces,  any  increase  in  the  number  of  pulsations  of  tlio  heart 
vould  prodnce  a  corresponding  atceleration  of  tho  general 
current  of  blood.  But  tbis  ia  a  proposition  \rhid]  cannot  be 
taken  for  granted ;  and  there  aro  man;  facts  whk-Ii  favoi 
a  contrurj  opinion,  It  may  be  enunciated  as  a  general  rule, 
tliat  wben  tlie  acts  of  tlie  beart  inerease  in  fre<iiienoy,  tliey 
diminisli  in  force;  wbicli  renders  it  probable  that  tbe  ven- 
tricle is  moat  completely  distended  and  emptied  wben  ita  ac- 
tioa  is  moderately  glow.  WLen,  however,  tho  pulse  is  very 
much  accelerated,  the  increased  number  of  pulsations  of  the 
liefirt  might  be  eufficient  to  overbalance  the  diminished  force 
of  eacli  act,  and  increase  the  rapidity  of  the  circulation, 

Hering  has  settled  these  questions  experimentidly.  His 
obeervations  were  made  on  horses  by  increasing  the  frequen- 
cy of  tlie  pulse,  on  tbe  one  hand,  phyaiologically,  by  exercise^ 
and  on  the  other  hand,  pathologically,  by  inducing  inflamma- 
tory action,  lie  fuund,  in  the  first  instance,  that  in  a  horse,  with 
the  heart  beating  at  the  rate  of  3fl  per  minute,  with  S  respi- 
ratory acts,  ferro-eyanide  of  potassium  injected  into  the  jngu- 
l»r  appeared  in  the  vessel  on  the  opposite  side  atWr  an  inter- 
val of  from  30  to  25  seconds.  By  exercise,  the  number  of 
pnUations  was  raised  to  100  per  miunto,  and  the  rapidity 
of  the  circulation  was  &om  lo  to  20  seconds.  The  ubsen'a- 
tions  were  made  with  an  interval  of  24  hours.  Tbe  same 
reeolts  were  obtained  iu  other  expenments.'  Here  there  is 
a  considerable  increase  in  the  rapidity  of  the  circulation  tbl- 
lowing  a  physiological  increase  in  the  number  of  beats  of  the 
heart ;  but  the  value  of  each  heat  is  materially  diiniuished  ; 
otherwise  the  rapidity  of  the  current  would  be  increased 
aboat  tliree  times,  as  the  pulse  became  three  times  us  Q-equent. 
In  its  tranquil  action,  with  tho  pulse  at  36,  the  heart  con- 
tracted thirteen  times  during  one  circuit  of  blood ;  while  it 
required  twenty-nine  pulsations  to  send  the  blood  over  the 
■■Die  eoui^e,  alter  exercise,  with  the  pulse  at  100;  shewing  a 


JduiB-EmviiJiDS,  Lrfoni  fUr  la  Pli'.Moffir,  toiijc  iv„  p.  371 
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dimiBiitioii  in  tbe  valne  of  the  Tentricular  ^rstole  of  mm 
than  oDe-hair. 

In  animals  suffering  nndcr  inflainmalonr  fever,  eMur 
epontaneons  or  proclooed  hy  irritants,  tite  eame  ohserrer 
found  a  diminution  in  the  rapidity  of  the  drcalatioo.  aooom- 
panying  acceleration  of  the  jiulfie.  In  one  obserratioD,  io- 
flanimation  vas  produced  in  the  horse  by  llto  injeetlon  vf 
ammonia  into  the  [>ericardium.  At  the  comineoceiueDt  of  die 
eiperiraeat,  the  pulse  was  from  72  to  84  per  minute,  utd  tbt 
dnration  of  tlie  circulation  abont  25  cecoads.  The  next  diT. 
with  the  pulse  at  90,  tbe  circulation  was  accompliBhed  in 
from  35  to  40  seconds ;  and  the  day  following,  with  tbe  itake 
at  100,  tlie  rapidity  of  the  circulation  was  dtminiaheil  to  firom 
40  to  45  seconds. 

If  we  are  justified  in  applying  these  obsemUioins  lo  the 
honian  subject  (and  there  is  no  reason  why  this  fthaaldBCt 
be  done),  it  is  showD  that  when  the  pulse  is  acoelented  ia 
disease,  the  valne  of  the  contractionB  of  tlio  heart,  as  rep- 
resented by  the  quantity  of  blood  di&chaiged, 
inverse  ratio  to  their  number ;  and  is  bo  macb 
as  absolutely  to  produce  fi  current  of  leas  repi* 
normal. 

"With  r^ard  to  the  relations  between  tlie  rspiditr 
heart's  action  and  the  general  rapidity  of  the  circntatiou,  the 
following  conclosiona  may  be  given  as  the  reenit  of  experi- 
mental inquiry: 

1.  In  physiological  increase  in  the  nutr^>er  <^  htatt  ^^ 
heart,  a«  the  result  of  exercise,  for  erampl^,  dAu  yatavt  am- 
hUlon  is  somewhat  increased  in  rapidity,  tkoKQh  not  in  fn- 
portion  to  tha  increase  in  the  pulse. 

2.  /n  pathological  tTtcrease  of  the  hearts  aetion,  as  I'a 
f^ile  movement,  the  rapidity  <f  the  general  ffirrulatitn  b 
generally  diminished,  it  may  he,  to  a  very  great  eaient, 

S.  Whenever  the  nvmber  of  heais  of  the  heart  is  amsiitT' 
ably  increased  from  any  cause,  the  guantity  <f  blood  dis- 
charged at  each  vmiricular  systole  is  very  much  diminithtd. 


•d,  beui  ■a. 
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either  fivm  lack  of  complei6  distention,  or  from  imj^erfeci 
mnpttfing  qf  the  cavities.' 

Phenomena  in  the  Otrcvlatori/  Syttem  after  Death.—'Wo 
do  not  believe  tliat  any  one  has  proven  the  eAistence  of  a 
force  in  the  capillaries  or  the  tisanes  {capillary  power)  which 
materially  assists  the  circnlation  during  life,  or  ]>roduces  any 
movement  immediately  after  death;  and  shall  not  discuss 
fiirtlier  the  extraordinary  post-mortem  phenomena  of  circn- 
lation, particularly  those  which  have  been  observed  by  Dr. 
Dowler  in  eubjecta  dead  of  yellov?  fever.'  But  nearly  every 
antopey  shows  that  after  death  the  blood  does  not  remain 
etjoally  dietribnted  in  the  arteries,  capillaries,  and  veins. 
Influenced  by  gravitation,  it  accumulates  in  and  discolors  tlie 
most  dependent  parts  of  the  body.  The  arteries  are  alwaya 
foond  empty,  and  all  the  blood  in  the  body  accumulates  in 
the  venous  system  and  capillaries ;  a  fact  which  was  observed 
by  the  ancients,  and  gave  rise  to  the  belief  that  the  arteries, 
aa  their  name  implies,  were  air-bearinp  tubes. 

This  phenomenon  has  long  engaged  the  attention  of  phya- 
iologiste,  who  have  atterapteil  to  explain  it  by  various 
theories.  Without  discussing  the  views  on  tins  sulyect  an- 
terior to  our  knowledge  of  the  great  contractile  power  of  the 
arteries  as  compared  with  other  vessels,  wo  may  cite  the  ex- 
periment of  Magendie,  already  referred  to,*  as  offering  a 
aatiefactory  explanation.  If  the  artery  and  vein  of  a  limb  he 
exposed  in  a  living  animal,  and  all  the  other  vessels  he  tied, 
compression  of  the  artery  does  not  immediately  arrest  the 
onrrent  in  the  vein,  but  the  blood  will  continue  to  flow  until 
the  artery  is  entirely  cmptierl.     The  artery,  when  relieved 

'  ThaM  gr«at  TirialioDi  in  llie  value  of  the  TciilrimiUr  sjslolc,  ■mooDting 
•reo,  In  the  tszperiment  on  the  bctlth;  animal,  to  a  diminulian  of  one-boir,  as  the 
VMnk  of  eiennw),  ibow  the  uncertaiutj  of  the  haaia  of  tbo»o  estimklca  with  reg&nl 
10  thadme  requiradror  the  entire  nosa  of  blood  to  pass  through  the  heart,  whivh 
■n  ealcolaloil  fram  th«  entire  qiuntit;  of  blood,  the  qottutit;  diacUargcd  from  tha 
heart  U  each  pulutiaD,  and  the  number  of  pulsaliona  per  minute. 

'  See  pagi.'  29a. 

S9 


352  cmouLATiOH. 

from  the  distending  force  of  the  heart,  reaefas  on  ita  conteois 
by  virtue  of  its  contractile  coat,  and  completely  empties  itself 
of  blood.  An  action  similar  to  this  takes  place  after  death 
throughout  the  entire  arterial  system.  The  vessels  react  on 
their  contents,  and  gradually  force  all  the  blood  into  and 
through  the  capillaries,  which  are  very  short,  to  the  veins, 
which  are  capacious,  distensible,  and  but  slightly  contractile. 
This  begins  immediately  after  death,  while  the  irritability  of 
the  muscular  coat  of  the  arteries  remains,  and  is  seconded  by 
the  subsequent  cadaveric  rigidity,  which  affects  all  the  in- 
voluntary, as  well  as  the  voluntary  muscular  fibres.  Once  in 
the  venous  system,  the  blood  cannot  return  on  account  of  the 
valves.  Thus  after  death  the  blood  is  found  in  the  veins  and 
caoillaries  of  dependent  parts  of  the  body. 


leiileratioiui — PLvslologico]  unatamy  of  the  Tesplrstorj  organ* — RespU 
nlory  moTemetita  ot  tbe  Ioitdi — Epigloltb — Trachea  and  brouchial  tuliea — 
Fticnchjwa  of  the  Ino^a — CarboDBceouB  matter  in  the  laage — Moremenls  of 
n^inlion — Inipimlioo — MuBclia  of  inipiration — Action  of  the  diaphragm — 
f  tbe  ecaleiii-~Interc09lal  miudei — Levntorei  coilanun — AmilUrjr 
a  ofiDspinii 

E  characters  of  the  blocwi  are  by  no  nteans  identical  in 
-Ae  great  divisions  of  tlie  vascular  syBtem;  but  tliuafar,phy8- 
iolt^Bts  have  been  able  to  investigate  only  tbe  diti'erenoee 
which  exist  between  arterial  and  venous  blood ;  for  the  capil- 
lariee  are  eo  short,  communicating  directly  n'ith  the  arteries 
on  the  one  side  and  the  veins  on  the  other,  that  it  ha£  been 
impoEeible  to  obtain  a  specimen  of  blood  which  can  l>e  said 
to  belong  to  this  system.  In  the  capillaries,  however,  the 
nutritive  fluid,  which  is  identical  in  all  parts  of  the  arterial 
system,  undergoes  a  remarkable  change,  rendering  it  unfit 
for  nutrition.  It  is  then  known  as  venous  blood ;  and, 
u&  we  have  seen,  the  only  office  of  tlia  veins  is  to  carry  it 
back  to  the  right  side  of  the  lieart,  to  be  sent  to  the  lungs, 
where  it  loses  the  vitiating  materials  it  has  collected  in  tlte 
tisanes,  takes  in  a  fresh  supply  of  the  vivifying  oxygen,  and 
goes  to  the  left  or  systemic  heart,  again  prepared  for  uutri- 
tion.  As  tlie  processes  of  nutrition  vary  in  different  parts  of 
Uie  organism,  necessarily,  there  are  correriponding  variations 
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in  tie  composition  of  tbe  blood  thronghout  the  vpnooi 
system. 

The  important  principles  which  are  given  off  by  Ha 
ItingB  are  exhaled  from  the  blood ;  and  the  gas  which  disap- 
pears from  tlie  air  is  absorbed  hy  the  blood,  maialy  h;  ita 
corpn scalar  elements. 

A  proper  supply  of  oxygen  is  indispensable  to  nutrition, 
and  even  to  the  comparatively  mechanical  process  of  cireula- 
tion  ;  but  it  is  no  less  necessary  to  the  ^ital  procesee^  that 
carbonic  acid,  which  the  blood  acquires  in  the  tiseuee,  slionld 
be  given  off, 

Eespiration  may  he  defined  to  he  t-he  process  hy  uiAi 
thesygtem  receives  rxpygen,  andie  relived  of  carbonic  acid, 

Aa  it  ia  almost  exclusively  through  tlie  blood  that  the 
tissues  and  organs  are  supplied  with  oxygen,  and  oa  the 
blood  receives  and  exhales  most  of  the  carbonic  acid,  the  re- 
spiratory process  may  be  said  to  consist  chtefiy  in  the  ehaii^ 
of  venous  into  arterial  blood.  Bat  ex)>eriments  have  deman- 
strated  that  the  tissues  themselves,  detached  from  the  bod/ 
and  placed  in  an  atmosphere  of  oxygen,  will  absorb  this  gM 
and  exhale  carbonic  acid.'  tinder  these  circnm^tancee,  they 
certainly  respire,  and  it  is  evident,  therefore,  that  m  thii 
process  the  intervention  of  the  blood  is  not  an  absolntv 
necessity. 

The  tide  of  air  in  the  lungs  does  not  constitute  respiration, 
as  we  now  uuderstaud  it.  These  organs  only  serve  to  facili- 
tate the  introduction  of  air  into  the  blood,  and  the  exhalatiim 
of  carbonic  acid,  K  the  system  be  drained  of  blood,  or  if  th« 
blood  be  rendered  incapable  of  interchanging  its  gases  with 
the  air,  respiration  ceases,  and  all  the  phenomena  of  asphyxia 
are  presented,  though  air  be  introduced  into  the  lungs  will 

'  G.  Licliig  ilcmonBtralod  that  Ihe  mogclea  of  the  frog,  Mpuated  ftom  (be 
bod;  uid  oarefu!];  Treed  from  blood,  iriU  coolinne  to  absorb  oiygm 
cubaidc  add  u  kn^g  u  tbe^  retAin  Ihdr  inilAbilitT.    (Libu 
CAmufTf,  Philadelphia,  IBBB,  toL  ii.,  pp.  2iT,  VI*.) 
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lie  ntmost  regularity.  It  must  be  remembered  that  tlie  es- 
sential proceeees  of  i-espiration  take  place  ia  all  the  tissnefl 
and  organs  of  the  system,  and  not  in  the  luogs.  liespiration 
19  a  process  similar  to  what  are  known  as  the  processes  of 
nntrition  ;  aud  altliougii  It  is  much  more  active  and  unltbrm. 
88  far  as  its  prodncts  are  concerned,  than  the  ordinary  nutri- 
tive acts,  it  ia  inseparably  connected  with,  and  strictly  a  part 
of  the  general  process.  As  in  the  nutrition  of  the  Hubstance 
of  tissues,  certain  principles  of  the  blood,  fibrin  and  alba- 
men,  for  example,  united  with  inorganic  priacii>le9,  are  used 
up,  transformed  into  tlie  tissue  itself,  finally  changed  into 
excrementious  products,  such  as  urea  or  cholesterine,  aud  dis- 
charged from  tlie  body,  so  the  oxygen  of  the  blood  ia  apjiro- 
priated,  and  carbonic  acid,  which  ia  an  excreraentitions  ]>rod- 
uct,  produced  whenever  tissues  are  worn  out  and  regener- 
ated. There  is  a  necessary  and  inseparable  connection  be- 
tween all  these  processes ;  and  they  must  be  considered,  not 
as  distinct  functions,  but  as  different  parts  of  the  one  great 
function  of  nutrition.  As  we  are  as  yet  unable  to  follow  out 
all  the  changes  which  take  place  between  the  appropriation 
of  nutritive  materials  from  the  blood,  and  the  prodnetion  of 
effet«  or  excrementitious  substances,  it  is  impossible  to  say 
precisely  how  the  oxygen  is  used  by  the  tissues,  and  how  the 
carbonic  acid  is  produced.  We  only  know  that  more  or  less 
oxygen  is  necessary  to  the  nutrition  of  all  tissues,  in  all  ani- 
mals, high  or  low  in  the  scale,  and  that  they  produce  a  cer- 
tain quantity  of  carbonic  acid.  The  fact  that  oxygen  is  con- 
eumed  with  much  greater  rapidity  than  any  other  nutritive 
principle,  and  that  the  produotion  of  carbonic  acid  is  corre- 
spondingly active,  aa  compared  with  otlier  effete  products, 
points  pretty  conclusively  to  a  connection  between  the  ab- 
sorption of  the  one  princi])le  and  the  production  of  the  other. 
In  aephy-tia,  ludeed,  it  is  ditBcult  to  say  which  dL-stroys 
life,  the  absence  of  oxygen  or  the  accumulation  of  carbonic 
wad. 

In  some  of  the  lowest  of  the  inferior  animals,  there  is  - 
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no  special  reapiratory  organ,  the  interchange  of  giteee  l*iajr 
effected  through  the  genertil  Bnrface.     Higher  in  the  aLinwl 
Bealc,  epecial  organs  are  fonnd,  which  are  called  gills,  wlwn 
the  aniinab  live  under  water  and  respire  the  air  which  it  in 
solution  in  the  water,  aiid  lungs,  when  the  air  is  iiitroduoed 
ill  its  gaseous  form.'     Animals  poesesAcd  of  longs  have  a  tol- 
erably perfect  circulatory  apparatus,  so   that  the  blood  i» 
made  to  pass  coutinnally  through  the  respiratoiy  organs.    In 
the  human  sahject  and  warm-blooded  animals  generally,  tlie 
lungs  are  very  complex,  and  present  au  immense  surfaofr 
by  which  the  blood  is  exposed  to  the  air,  only  separated  from 
it  by  a  delicate  permeable  membrane.     These  animals  ara 
likewise  provided  with  a  special  heart,  which  has  the  duty  of 
carrying  on  the  pulmonary  circulation.     Though  re«ptratio& 
is  carried  on  to  some  extent  by  the  general  surface,  the  luDf^i 
are  the  important  and  essential  organs  in  which  the  inter 
change  of  gases  takes  place. 

The  essential  conditions  for  respiration  in  animals  wliic^ 
have  a  circulating  nutritive  fluid  are;  air  and  blood,  m^jm- 
rated  by  a  niemhrane  which  wiU  aUow  ihs  jxzmo^  ofgaa^. 
The  efl'ete  products  of  respiration  in  the  blood  pass  oat  and. 
^'itiate  tlie  air.  The  air  is  deprived  of  a  certain  portioo  of  in 
oxygen,  which  passes  into  the  blood,  to  be  conveyed  to 
the  tissues.  Thus  the  air  must  be  changed  to  supply  fresh 
oxygen  and  g«t  rid  of  the  carbonic  acid.  The  rapidity  of 
this  change  is  in  proportion  to  the  nutritive  activity  of  the 
animal  and  the  rapidity  of  the  circulation  of  the  blood.' 


'  Injects  huTB  no  longs ;  but  the  ur  Is  diss«miiuiled  thronghoi 


1  8f9t«m  of  dr-beaiing  tubes  (troe  arteriee),  or  trachoB,  ami  a  probabl; 
propri^ted  direcllf  b;  the  tissoeB,  without  the  intcrrcntion  of  the  blood. 

'  Tlie  majuier  in  wbich  this  change  of  air  is  effected  in  the  diSerent  ehaia 
aniiDaU  onslUulej  one  of  the  moBt  Intcreating  subjecid  in  oompantire ; 
Its  Btud;  has  shown  ho<r,  as  we  pasa  from  the  lower  to  the  higher 
mals,  and  the  funetioos  Ihcouig  more  active,  a  dirjaiou  of  labor 
Functiona  which  in  Ihe  lowest  animals  hare  no  Bpedal  oigans, 
integument  or  alimontacy  track,  perfonniog  nianj  ofBces,  in  the  higher 
ace  aa^goed  to  «pocutl  organs,  which  are  brought  to  ■  high  ooudltioD  of  ilurtiop  | 
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■■In  treating  ia  detail  of  the  function  of  respiration,  it  will 
Oe  convenient  to  make  the  foUowimr  division  of  the  enbject : 

1.  The  mtthanical  phenomena  of  respiration ;  or  the  pro- 
ceseee  hv  which  the  fresh  air  is  introdiit^  into  the  lungs 
{inspiratiimX  and  tlie  vitiated  air  is  expelled  {ivpirati'on). 

2.  The  changes  which  the  air  nndei-goea  in  respiration. 

3.  The  changes  which  the  blood  undei^oea  in  reepiration. 

4.  Ttie  relations  of  the  consnmption  of  oxygen  and  the 
production  of  carbonic  acid  to  ttie  general  process  of  nutri- 
tioo. 

5.  The  respiratorr  sense ;  a  want,  on  the  part  of  tlie  sja- 
tem,  which  indnces  the  respiratory  acts  (besoin  de  respirer). 

6.  Cutaneous  respiration. 

7.  Asphyxia. 

The  study  of  these  qaestioas  will  be  facilitated  by  a  brief 
cxmsideration  of  some  points  in  the  anatomy  of  the  respira- 
toiy  organs. 

Phygiological  Aruiiomy  qf  tJie  Seapiratory  Organs. 

Passing  backward  from  the  mouth  to  the  pharjTix,  two 
openings  present  themselves:  one,  posteriorly,  which  leads  to 
the  (Esophagus,  and  one.  anteriorly,  the  opening  of  the  larynx, 
which  is  the  commencement  of  the  passages  devoted  exclu- 
Bively  to  respiration.  The  construction  of  the  oesophagus  and 
the  uir-tnbes  is  entirely  different.  The  tesophagns  is  flaccid, 
and  destined  to  receive  and  convey  to  the  stomach  the  ar- 
ticles of  food  which  are  introduced  by  the  constrictions  of  the 
moscles  above.  The  trachea  and  its  ramifications  are  excln- 
sively  fur  the  passage  of  air,  which  is  taken  in  by  a  enction 
force  produced  by  the  enlat^ment  of  the  thorax.  The  act 
of  inhalation  requires  that  the  tubes  should  be  kept  open  by 

menL    The  perfoution  of  □rgsnixiition  in  Ihc  higher  animala  eecma  to  cODaist  in 
the  malti|i1iciliDa  of  OTgaos,  for  Ibe  more  efficient  perfornumce  of  the  wiwil 


walls  flufficieutlj  rigid  to  resist  the  external  pressure  of  tLe 


Commencing  with  the  larynx,  it  is  seen  that  the  cartilaget 
of  whicli  it  IB  composed  are  sufficiently  rigid  and  nnyield- 
ing  to  resist  the  pressnre  produced  by  any  inspinttory 
efl'ort.  Across  its  superior  opening  are  the  vocal  conk, 
which  are  four  in  number,  and  have  a  direction  from  lidoce 
backwards.  The  two  superior  are  called  the  faUo  vocal 
cords,  because  they  are  not  concerned  in  the  production  of 
the  voice.  The  two  inferior  are  the  true  vocal  corda.  Theyan 
ligamentous  bands  covered  by  tblds  of  mucous  mcmbntu^ 
which  is  quite  tliick  ou  the  superior  cords,  and  very  thin  and 
delicate  on  the  inferior.  Anteriorly,  they  are  attached  to  a 
fixed  point  between  the  thyroid  cartilages,  and  |Mj6teriorIjr, 
to  the  movable  arytenoid  cartilages.  Air  is  admitted  to  th« 
trachea  through  an  opening  between  the  corcla,  wliieh  is 
called  the  rima  glottidis.  Little  muscles,  arising  (rcmi  tlw 
thyroid  and  cricoid,  and  attached  to  the  arytenoid  cartiUges, 
are  capable  of  separating  and  approximating  the  pointa 
to  which  the  vocal  cords  are  attached  posteriorly,  bo  as  to 
open  and  close  the  rima  glottidis. 

If  the  glottis  be  exposed  in  a  living  animal,  certain  regu- 
lar movements  are  presented  which  are  synchronous  with  the 
acts  of  reepii'atlon.  The  larynx  is  widely  opened  at  c«ch  In- 
spiration by  the  action  of  the  muscles  referred  to  abovc^  bo 
that  the  air  has  a  free  entrance  to  the  trachea.  At  the  ter 
mination  of  the  inspiratory  act,  these  muscles  are  relaxed, 
the  vocal  cords  fall  together  by  their  own  elasticity,  and  in 
expiration,  the  chink  of  the  glottis  returns  to  the  conditioa 
of  a  narrow  slit.  These  respiratory  movemeiits  of  the  glottii 
are  constant,  and  essential  to  the  intro<]uction  of  air  in 
proper  quantity  to  the  lungs.  The  expulsion  of  air  from  the 
lungs  is  rather  a  pa^ive  process,  and  tends  in  itself  to  sepa* 
rate  the  vocal  cords;  but  inspiration,  which  is  active  and 
more  violent,  were  it  not  for  tlie  movements  of  the  glottis, 
would  have  a  tendency  to  draw  the  vocal  cords  tugutlier. 
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The  mnsclea  which  are  enj^aged  in  producing  these  move- 
ments are  auiniiitod  hy  the  inferior  laryngeiil  branches  of 
the  pnenniogastric  nerves.  If  these  nerves  be  divided,  the 
movementa  of  the  glottis  are  arrtated,  and  respiration  ia 
very  seriously  intert'ered  with.  This  is  particularly  marked 
in  young  auimals,  in  which  the  walls  of  the  larynx  ore  com- 
paratively yielding,  when  the  operation  is  frequently  followed 
l)y  immediate  death  from  suffocation.  The  movements  of 
the  glottis  enahle  us  to  undL-rstand  how  foreign  bodies  of 
oonaiderable  size  are  Eometiiiies  accidentally  introduced  into 
the  air-paseages. 

The  respiratory  movements  of  the  larynx  are  entirely  dis- 
tinct from  those  engaged  in  the  production  of  the  voice,  and 
are  simply  for  the  purpose  of  fuvilitating  the  entrance  of  air 
in  inspiration. 

Attached  to  the  anterior  portion  of  the  larynx  is  the  epi- 
glottis ;  a  little  leaf-phaped  lamella  of  iibro-cartilage,  which, 
during  ordinary  respiration,  projects  upward,  and  lies  against 
the  posterior  portion  of  the  tongue.  During  the  act  of  de- 
glutitiou,  respiration  is  momentarily  interrujited,  and  the  air- 
passages  are  protected  hy  the  tongue,  which  presses  backward 
carrying  the  epiglottis  liefore  it,  completely  closing  the  open- 
ing of  the  larynx.  Physiologists  have  questioned  whether 
the  epiglottis  be  necessary  for  the  com]i!ete  protection  of  the 
air-passages;  and,  repeating  the  experimenls  of  Magendie,  it 
lias  been  frequently  removed  from  the  lower  aiiiiiiaia  withont 
apparently  interfL-riug  with  the  projier  deglutition  of  solids 
or  liquids.  We  have  been  satisfied  from  actual  experiment 
that  a  dog  will  swallow  liquids  and  solids  immediately  afler 
the  ablation  of  the  epiglottis,  without  allowing  any  to  pass 
into  the  trachea;  but  it  becomes  a  question  whether  this  e.x- 
perimeut  can  be  alisolutely  applied  to  the  human  subject. 
In  a  case  of  entire  loss  of  the  epiglottis,  which  was  observed 
in  tlie  Bellevue  Hospital,  the  patient  experienced  slight 
difficulty  in  swallowing,  from  the  passage  of  little  parti- 
cles into   the  larynx,  which   produced   cough.      This  case 
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Beemed  to  show  that  the  presence  of  the  epiglottis,  in  ilta 
human  subject  at  least,  is  necessary  to  the  complete  protec- 
tion of  the  air-passages  in  deglntition.' 

Passing  down  the  neck  from  the  larynx  toward  the  lungs, 
is  a  tube,  from  fonr  to  fonr  and  a  half  inches  in  length,  iind 
about  iliree-quarters  of  an  inch  io  diameter,  which  is  called 
the  trachea.  It  ia  provided  with  cartilaginous  ringa,  from 
sixteen  to  twenty  in  number,  which  partially  surround  the 
tube,  leaving  about  one-third  of  its  posterior  portion  oociipied 
by  fibrous  tissue,  mixed  with  a  certain  number  of  unBtriped 
muBCular  fibres.  Passing  into  the  chest,  the  trachea  divides 
into  the  two  primitive  bronchi;  the  right  being  shorter, 
larger,  and  more  horizontal  than  the  left.  These  tubes,  pro- 
vided, like  the  trachea,  with  imperfect  cartilaginous  rings, 
enter  the  lungs,  divide  and  subdivide,  until  the  minute  mail- 
fications  of  the  bronchial  tree  open  directly  into  the  air-cells. 
Alter  penetrating  the  lungs,  the  cartilages  become  bregnlar, 
and  are  in  the  form  of  angular  plates,  which  are  fio  digpuc«<] 
as  to  completely  encii-cte  the  tubes.  In  tubes  of  very  small 
size,  these  plates  are  less  numerous  than  in  the  larger  bronchi, 
until  in  tubes  of  a  less  diameter  than  -^  of  an  inch,  Uiey  um 
lost  altogether, 

Tlie  walls  of  the  trachea  and  bronchial  tubes  are  com- 
posed of  two  distinct  membranes :  an  external  meitibrane, 
between  the  layers  of  which  the  cartilages  are  situated,  »nd  a 
lining  mucous  membrane.  Tlie  external  membrane  is  com- 
poeed  of  inelastic  and  elastic  fibrous  tissue.  Posteriorly,  in 
the  space  not  covered  by  cartilaginous  rings,  tliese  fibr»  are 
mixed  with  a  certain  number  of  unstriped  or  involuntary 
muscular  fibres,  which  exist  in  two  layers:  a  thick  internal 
layer,  in  whicli  the  fibres  are  transverse,  and  a  thinner  lonj^ 
tudinal  layer,  which  is  external.  This  collection  of  muscnlar 
fibres  is  sometimes  called  the  trachealis  muscle.    Tlirougboat 

'  This  remarkable  ciiso,  Id  vhU'b  the  cpigloctU  hul  sloughed  cacird;  ■>>; 
leaving  tbe  purls  complutol)'  clcitmei!,  us  dvmouslnileil  bj  a  laiTngoaoopw  eai» 
inadon,  vill  be  giTen  in  txlmm  in  cooDKlioii  witb  th«  subject  of  deglatiiioiL 
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Uie entire ^tem  of  broncliial  hiliee,  there  are  circal&r  faacicoli 
of  muscular  fibres  lyiiig  just  t>eueatli  the  mucous  membrane, 
with  K  number  of  longitudinal  elastic  fibres.  The  cltaracter 
of  the  bronchi  abruptly  changes  in  tubes  less  than  -^^  of  an 
inch  in  diameter.  Thej  lose  the  coililaginous  rings,  and  the 
est«nial  and  the  mucous  membranes  l)t;come  so  cloraly  united 
that  they  can  no  longer  be  eeparuted  by  disseGtion,  The 
circular  muscular  fibres  contiuiie  down  to  the  air-cells.  Tlie 
inu<:0U8  membrane  is  smooth,  covered  by  ciliated  epithelium, 
the  movements  of  the  ciliee  lieing  always  from  witlun  out- 
ward, and  it  is  provided  with  numerous  mnouus  glands.  These 
glands  are  of  the  racomoee  variety,  aod  in  the  larynx  are  of 
ooQsiderahle  size.  la  the  trachea  and  bronchi,  racemose 
glands  exist  in  tlie  membrane  on  tiie  posterior  surface  of 
the  tubes;  but  anteriorly  are  small  folliclea,  terminating  in 
a  single,  and  sometiinea  a  double,  blind  extremity.  These 
ftJlicles  are  lost  in  tubes  leas  than  -^  of  an  inch  in  diameter. 
It  is  the  anatomy  of  the  parencliyma  of  the  lungs  which 
possesses  the  meet  ptn-eiologtcal  intereet,  fur  here  the  essential 
processes  of  respiration  take  place.  When  moderately  in- 
finted,  the  lungs  have  %\ie  ap)>euranoe  of  irregular  cones,  nith 
rounded  apices,  and  concave  bases  restiug  upon  the  diaphragm. 
Tliey  fill  all  of  the  cavity  i:rf'  the  chest  which  is  not  occupied 
by  the  heai-t  and  great  vessela,  and  are  ootnplotidy  separated 
firom  each  other  by  the  mediafitiuum.  In  the  human  subject, 
the  lungs  are  not  attached  to  the  thoracic  walls,  but  are 
closely  applied  to  them,  each  covered  by  a  reflection  of  the 
serous  membrane  which  lines  the  cavity  on  the  corresponding 
ade.  They  thus  necessarily  follow  the  movements  of  ex- 
pansion and  contraction  of  the  thorax.  Deep  fissures  divide 
the  right  lung  into  three  lobes,  and  the  left  lung  into  two. 
The  surface  of  the  lungs  is  divided  into  irregularly  polygonal 
spaces,  from  i  of  an  inch  to  an  inch  in  diameter,  which  mark 
what  are  sometimes  called  the  puhnonary  lobules,  though 
this  term  is  incorrect,  as  each  of  these  divisions  includes 
quite  a  number  of  the  true  lobules. 
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Following  out  the  broncljial  tnbea  from  tlie  diameter  of 
^  of  an  inch,  the  smallest,  which  are  from  -^  to  y,  of  w 
inch  in  diameter,  oi>L>n  into  a  collection  of  oblong  Teoicl*. 
which  are  the  ■i^ 
cells.     EaL-h  collet 
tion  of  vesicles  coc- 
Btitutee   one  of  Oie 
true  pulmonarr  lo- 
htiles,  and   ia  from 
c'a  f"^  iS  of  an  inch 
In  diameter.     After 
entering  the  lobole, 
I   tlietiibe  formsftEdit 
of  tortnoiiH  oenlnl 
canal,   sending    off 
limnches  which  ter> 
niinate  in  groofsot 
fivim  eight  to  tifleen 
pnlinonary        cells. 
The  celU  are  a  little 
dee^>er  than  they  tut 
wide,   and    have 
rounded    blind   ex- 
tremitv.     Some 
sraootli,   hat    mm  J' 
are  marked  hy  little 
,  circular  conBtriction^,  or  rugip.     In  the  healthy  lung  of  tbe 
adnlt,  after  death,  they  measure  from  y^  to  ,^,  or  ^  of  VB 
inch  in  diameter,  hut  are  capable  of  very  great  distention. 
The  smallest  cells  are  in  the  deep  portions  of  the  lungs,  and 
the  largest  are  situated  near  the  surface.     By  eei-tionBof  luog 
inflated  and  dried,  ^lagendie  demonstrated,  a  number  of 
years  ago,  that  there  is  a  considerable  variation  in  the 
of  the  cells  at  different  periods  of  life ;  that   the  emaOeet 
cells  are  found  in  young  children,  and  that  they  progrefr 


aivelj  increase  in  size  with  age.'  The  air-cells  are  but- 
iDondetl  by  a  great  umnber  of  elastic  tibrea,  which  do  not 
form  distinct  bundles  for  each  cell,  but  anastomose  freely 
with  each  other,  so  that  the  same  fibres  belong  to  two  oi 
more.  This  structure  ia  peculiar  to  the  parenohj-ma  of  the 
lot^B,  and  gives  these  organs  their  great  disteneibilitj  and 
elasticity,  properties  wliieh  jiiay  an  important  part  in  ex- 
pelling tlie  air  from  the  chest,  as  a  conseijuence  simply  of 
cessation  of  the  action  of  the  inspiratory  muscles.  Inter- 
woven with  these  elastic  tibrea  is  the  rieheat  plexus  of 
capillary  biood-vessels  found  in  the  economy.  The  veeaels 
are  larger  than  the  capillaries  in  other  situations,  and  the 
plexua  is  BO  close  that  the  spaces  Ivetween  them  are  narrower 
than  the  vcsaels  themselves.  When  distended,  the  blood-ves- 
eels  fumi  the  greater  part  of  the  walls  of  the  cells. 

There  is  some  difi'erence  of  opinion  among  anatomists  with 
regard  to  the  lining  of  the  air-cells.  Some  are  of  the  opinion, 
with  Eainey  and  Mandl,  that  the  mucous  membrane,  and 
even  the  epithelium,  cease  in  the  small  bronchial  tubes,  and 
the  blood-vessels  in  the  cells  are  uncovered.  The  presence  of 
pavement  epithelium  has  been  demonstrated,  however,  in  the 
cells,  bot  the  scaled  are  detached  soon  after  death,  and  cannot 
always  be  observed.  All  who  contend  for  the  existence  of  a 
mucouH  menibrane  admit  that  it  is  of  excessive  tenuity. 
Robin,  Kfilliker,  and  others  have  demonstrated  in  the  air- 
cells  very  tliin  scales  of  pavement  epithelium,  from  ^^  to 
^^  of  an  inch  in  diameter,  which  are  applied  directly  to  tho 
walls  of  tbe  blood-vessels.'  The  epithelium  here  does  not 
Beem  to  be  re^Iarly  desquamated,  as  in  other  situations. 
Examination  of  injected  specimens  shows  that  the  btood-vea- 
aels  are  so  situated  between  the  cells,  that  the  blood  in  the 
greater  part  of  their  ciwumference  is  exposed  to  the  action 
of  the  air. 

I  Uaodcdh,  Ithnoirt  tur  la  Arvdurf  du  Foamon  de  FBbmnu.—JmrHal  lit 
nglioUsit,  1821,  tome  L,  p.  IS. 

■KuLLlCKR,  Mtinalof  Bvaan,  MieroKopic  AHatoin\i,  London,  1800,  p.  SST; 
u4  FocRHET,  Buhlogit  JJuinaint,  Faru,  ISSl,  p.  386. 
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The  entire  mass  of  venouB  Uood  ie  dtetribnted  in  the  loop 
by  the  pnhnonary  artery  for  the  pnrpoees  of  aeration.    AHfr 
rial  Wood  ia  conveyed  to  these  organfl  by  the  bronchial  Mt* 
ries,  which  ramify  and  subdivide  on  the  bronchial  tubes,  ui 
follow  their  course  into  the  lungs,  for  the  nouriahraent  of 
these  parts.     It  is  possible  that  tlie  tissue  of  the  lungs  may 
receive  some  nonrishment  from  the  blood  conveyed  there  by 
the  pulmonary  artery  ;  but  as  this  vessel  does  not  eend  say 
branches  to  the  bronchial  tubee,  it  is  undonbtedij  the  brou- 
cliial  arteries  which  supply  the  material  for  tbeir  nutrition 
and  the  eecretion  of  the  mucous  glands.     This  is  one  of  tbs> 
anatomical  reasons  why  inflammatory  conditions  of  the  braa> 
chial  tubes  do  not  extend  to  the  parenchyma  of  the  lunge, 
«w?e  versd. 

Tlie  foregoing  anatomical  sketch  shows  the  admirabla 
adaptation  of  the  trachea  and  bronchial  tubes  to  the  paa- 
sage  of  the  air  by  inspiration  to  the  deep  portions  of  tii* 
lungs,  and  the  favorable  conditions  wliich  it  there  meets  tritll 
for  an  interchange  of  the  elements  of  llie  air  and  blood.  '. 
is  also  evident,  from  the  enormous  number  of  air-cells,  tbi 
the  respiratory  surikce  must  be  immense.' 

Carbonaceoiis  Matter  in  the  Lvrngs. — The  longs  of  mosl 
of  the  inferior  animals  and  the  human  subject,  in  early  life^ 
have  a  uniform  rose  tint ;  but  in  the  adult,  and  particulsriy 
in  old  age,  they  contain  a  greater  or  less  (juantity  of  black 
matter,  which  may  exist  in  little  masses,  deposited  here  and' 
there  in  the  pulmonary  structure,  or  tbrming  Utie6  ou  ths 

'  H&les  csdmated  the  combiiued  surface  of  the  ur-cdb  >t  289  aqnuv 
^£>a/'W  j&«ravs,  voL  i.,  p.  24S);  EeiU  at  31,900  squue  iucbca(£M^  «» 
itoft  0/ (S*,4ninicii  tEVonomy,  p.  132);  and  Lit-berkQIin  «(  l.aOO  iqiu 
(Dunoubon'h  BtiBum  J^igriolo^g,  ISSe,  roL  i.,  p.  218).     Then  arc  not  nSdaV 
ditla  on  this  point  for  us  to  form  snj  thing  like  ■  reliilile  estiiuit«.     It 
Eimplf  erident  that  the  extent  of  eurface  miut  be  Terf  great     In  paoing  fr 
the  loner  lo  the  higher  onlers  of  animals,  it  ia  ttea  that  Natarv  protMM 
the  ueocsf'.ty  of  an  increase  in  the  sclivii  j  of  the  re^iratoi7  procees,  bj  a  dhi 
iebed  iiize  and  a  moliiplicatioa  of  the  air«:Blk. 
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sarfnoe  of  the  organs.  The  deposit  is  generally  most  abun- 
dant at  the  summit  of  the  lungs.  This  matter  also  exists  in 
the  lymphatic  glands  connected  with  the  pulmonary  struc- 
ture, which  are  sometimes  called  the  ^'broncliial  glands." 
The  nature  of  this  deposit  has  been  the  subject  of  corisidep- 
able  discoBsioD.  Some  have  supposed  that  it  was  connected 
with  melanotic  deposits,  and  consisted  of  ordinary  pigmentary 
matter ;  but  chemical  investigations  have  now  pretty  coucln- 
sicely  demonstrated  that  it  is  nothing  more  nor  less  than 
carbon.  It  exists  in  great  abundance  in  the  lunge  of  miners, 
who  inliale  great  quantities  of  carbonaceous  particles,  and  of 
those  who  are  much  exposed  to  the  inhalation  of  smoke. 
These  facts,  taken  in  connection  with  its  absence  in  yonng 
peraons  and  the  inferior  animals,  and  its  small  qnatitity,  even 
in  old  age,  in  those  who  inhabit  Tillagee  and  are  not  exposed 
to  a  smoky  atmosphere,  point  to  its  introduction  from  with- 
out. The  subject  has  been  most  completely  and  ably  inve^ 
tigated  by  Robin,  who  has  come  to  the  conclusion  that  the 
matter  is  really  carbon  ;  that  it  is  introduced  in  fine  particles 
in  the  inspired  air,  and  that,  once  in  the  lungs,  it  penetrates 
tlie  tissue,  not  by  absoqttion,  but  by  mechanical  action,  until  it 
finds  its  way  beneath  the  pleura  and  into  tlie  intercellular 
substance.  Fri^m  the  fact  that  carbon  is  insoluble,  its  |ieuetra- 
tion  must  l>e  mechanical ;  and,  when  found  in  the  lymphatic 
glands,  it  b  carried  there  by  the  absorbent  vessels.  When 
it  has  [lenetrated  the  substance  of  the  tissues,  it  can  no  more 
be  removed  than  the  tattooing  beneath  the  skin;  indeed,  the 
deposition  in  the  lungs  may  be  compared  very  aptly  to  the 
process  of  tattooing. 

The  mechanism  of  its  introduction  is  the  following :  The 
little  sharp,  ahnoat  microscopic,  particles  are  inhaled  and 
come  in  coutact  with  the  delicate  wails  of  the  air-<.'etis,  in 
which  they  are  imbedded  under  a  cei-laiu  pressure.  When 
any  part  la  subject  to  pressure,  it  is  well  known  that  it  gives 
way  by  absorption,  the  pressure  facilitating  the  removal  of 
worn-out  matter,  but  interfering  with  the  deposition  of  new 
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material.  These  partifiles  thus  penetrate  the  lung  sabetmo, 
from  which  they  can  never  be  remove*!.  They  may  find 
their  wny  into  the  lymphatic  vessels,  bat  beeorae  fixed  in  llie 
lymphatic  glands,  in  which  the  quantity  is  always  proper 
tionate  to  that  whi(;h  exists  in  the  lungs.  It  has  been  dion 
that  the  particles  introduced  under  the  skin  in  tattooinguij 
also  be  taken  up  by  the  lymphatics,  but  are  arrested  inii 
fixed  in  the  glands." 

There  is  no  ground  for  the  hypothesis  that  the  carbow 
ceous  matter  of  the  lunge  and  bronchial  glands  is  deposted 
as  a  residue  of  combustion  of  the  hydrocarbons,  in  the  procea 
of  respiration. 

Movements  of  Hesjnratlon. 
In  man  and  the  warm-blooded  animals  generally,  tha 
laogs  attain  their  greatet^t  degree  of  development,  the  eor 

I  face  which  is  exposed  to  the  atmosphere  is  relatively  gieat- 
eet,  and  it  is  in  these  organs  that  nearly  all  of  the  process  of 
interchange  of  gases  takes  place.  In  all  atiimaU  of  this  clao, 
inspiration  takes  place  aa  a  consequence  of  enlargement  of 
the  thoracic  cavity,  and  the  entrance  of  a  quantity  of  air 
through  the  respiratory  passages  corresponding  to  the  in- 
creased capacity  of  tiie  lungs.  In  the  mammalia,  the  chest  i* 
enlarged  by  the  action  of  mnecles;  and  in  ordinary  rwi"i' 
ration,  inspiration  is  an  active  process,  while  expiration  is 
comparatively  passive.  In  many  birds,  the  chest  is  oco^ 
pressed  by  muscular  action  in  expiration,  and  inspi^tjoo  is 
effected  in  a  measure  by  elastic  ligaments.  In  both  chuMi) 
the  air  is  drawn  into  the  chest  to  supply  the  space  produced 
by  its  enlargement.  In  some  of  the  lower  ordere  of  aDimal* 
which  have  no  ribs  or  sternum,  or  in  which  the  thorax  '» 
immovable  and  there  exists  no  division  between  its  eavilT 
and  the  abdomen,  the  air  is  forced  into  the  Inngs  by  an  act 
like  deglutition.  In  these  aniinala  (frogs,  lizards,  tnrtlo, 
I 


Tbo  Ttanlt*  of  tbe  InTestig^tioni  of  Robm  are  to  be  found  b  tbe  Ciifoi    \ 
Analoimgue,  bj  BosiH  tnd  Vermeil,  tome  vL,  p.  BOS  tf  iq. 
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etc)  tlie  respiratory  acta  are  very  mfreqaent ;  ami  in  some, 
the  oxiflatioTi  of  tlie  blood  is  mure  effectnally  performed  by 
tlie  general  surface  than  by  the  lungs. 

A  glance  at  tbe  physiological  anatomy  of  the  thorax  in 
the  human  Eubject  makes  it  evident  that  the  action  of  certain 
mnsdes  will  considerably  increase  its  capacity.  In  the  first 
place,  file  diaphragm  mounts  up  into  its  cavity  in  the  form 
of  a  vanlted  arcli.  By  contraction  of  its  fibres,  it  is  brought 
nearer  a  plane,  and  thns  tlie  vertical  diameter  of  the  thorax 
ia  increfl^ed.  The  walls  of  the  thorax  are  formed  by  the 
dorsal  verlebrEB  and  ribs  posteriorly,  by  the  upper  ten  ribs 
laterally,  and  by  the  stemum  and  costal  cartilages  anteriorly. 
The  dire<-tion  of  the  ribs,  their  mode  of  connection  with  the 
sternum  by  the  costal  cartilages,  and  their  articulation  with 
the  vertebral  column,  are  such  that  by  their  movements  the 
antero-poiterior  and  transverse  diameters  of  the  clieet  may  bo 
considerablv  modilicd. 


Inspiration, 

The  ribs  are  somewhat  twisted  upon  themselves,  and  have 
a  general  direction  forwards  and  downwards.  The  first 
rib  ia  nearly  horizontal,  but  the  obliquity  progressive- 
ly increases  from  the  upper  to  the  lower  parts  of  the 
dieat  Tlieyare  articulated  with  the  bodies  of  the  vertebrse, 
00  as  to  allow  of  considerable  motion.  The  upper  seven  ribs 
are  attftciie<l  by  the  costal  cartilages  to  the  stemum,  these 
cartilages  running  upwards  and  inwards.  The  cartilages  of 
the  eighth,  ninth,  and  tenth  ribs  are  joined  to  the  cartilage 
of  the  seventh.  The  eleventh  and  twelfth  are  lloatiug  ribs, 
and  are  only  attached  to  the  vertebne. 

It  may  be  stated  in  general  terms  that  inspiration  is  effect- 
ed by  <lescent  of  the  diaplu-agm  and  elevation  of  the  ribs ; 
and  expiration  by  elevation  of  the  diaphragm  and  descent 
of  tbe  ribs. 

Arising  sevenitly  from  the  lower  border  of  each  rib,  and 
24 
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attached  to  the  upper  border  of  tlie  rib  below,  are  tte  eleven  ex- 
ternal intercostal  mnecles,  the  fibres  of  which  have  an  obliqne 
direction  from  above  downwards  and  forwards.  Attached  to 
the  inner  borders  of  the  ribs  are  the  internal  interco&tak,  which 
have  a  direction  from  above  downwards  and  backward^  li 
right  angles  to  the  fibres  of  the  external  intercostals.  Tliere 
are  also  a  number  of  muscles  attached  to  tbc  thorax  luid  gpine, 
tliorax  and  head,  upper  part  of  humerus,  etc.,  wbich  an 
capable  of  elevating  cither  the  entire  chest  or  the  ribs. 
These  must  act  as  muscles  of  inspiration  when  the  attach- 
ments to  the  tiiorax  become  tbe  movable  points.  Some  of 
them  are  called  into  action  during  ordinary  respiration; 
others  act  as  auxiliaries  when  respiration  is  a  little  exaf^a- 
ated,  as  after  exercise,  and  are  called  ordinary  aitxiliarmf 
while  others,  which  ordinarily  have  a  difl'crent  function, 
are  only  brought  into  play  wheu  respiration  is  cxee^niy 
difficult,  and  are  called  exlraardinari/  aaxUiarieS. 

Tbe  following  are  the  principal  muscles  concerned  in  in- 
spiratioQ : 

Muscles  of  Impirathn. 


ITvxlt. 

Diaphrs;^ Cin:amrerciii!e  of  lover  bordcf 

Scalenus  Anticus Transiersc  procesMS  of  iliin 

fiAh,  and  siiUi  cerricwl 

tubercle  of  Gnt  rib. 
Scalenus  Mediua TrsDsrene  prtKettei  ot  six  lowacs*!- 

cal  Tert«bne upper  mrftc*  •(  fi* 

rib. 
Scalcnua  Posticus Trttiuvi 

IbrtK  ccnical 

face  of  Mcoiul  rib. 

Eiitemsl  IntNVOStals Outer  bordcn  of  ibe  ribs, 

Btemai  portion  of  Inteniil  lDlcivo$Ul£..Bonl«rs  of  tbe  costal 

Tirclve  LevitoTes  Costanun ,  .TnnSTcne  ptoeeaee  of  dorsd  laUln 

ribs,  betveoi  tiM  tttbcfcki  ■■ 
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Ordinary  Auxiliarit*. 


Semtii9  Poslicus  Superior. . 


.  .Ugsmcnlum   nucbic,   epiaoos  pro«s»es 
of  last  cerrlval  uid  upper  two  or  three 

dorsal  Torlebne upper  borders  of 

Becond,  third,  fourtb,  and   fifth  ribi 
it  beyoDd  Iho  imgleB. 


.  .Cppet  part  of  atemum — 
cess  of  tcmpond  bone. 


'mastoid  pro 


^^^^^p  Eiiraordiaary  Aiuiiiaritt. 

^tantor  Anguli  Scapols. Tmuverao  processes  of  nppw  three  or 

r  four    cervical     vertcbno posterior 

I  border  of  luperior  angle  of  tlio  scapuU. 

Tnpeoni  (sujierior  portion) Ligamentnm  niicliai  and  sereath  cemcil 

vertebra the  npper  border  of  the 

ipino  of  liie  Ecapulu. 

Pcciaralls  U'mor. Carncoi<l  proceaa  of  scapnla anterior 

furfaco  and  upper  margioa  of  third, 
fourOi,  andAftb  riba  near  the  carlJlagN. 

Pecloralis  M^or  (inferior  portion) Bicipiul    groOTe    of   hiunerua coBliJ 

I  curtilagta  and  lower  port  of  the  «tei^ 

Serratus  Hagnos Inner  margin  of  poEleiior  bonier  of  scap- 
ula  Eitcmal  BnriaiM  aad  upper  bor- 
der of  upper  eight  ribs. 

Actum  <if  the  Diaphragm. — The  descriptive  and  general 
ftnatoRiy  of  tlie  diapliragm  gives  a  prettj:  coiroct  idea  of  its 
functioua  in  respirution.  It  arises,  anteriorly,  &om  tLe  inner 
eiirface  of  tbe  ensiform  cartilage,  laterally,  &oni  tbe  inner 
Burfiice  of  the  lower  borders  of  the  costal  cartilages  and  the 
BIX  or  seren  inferior  ribs,  passes  over  the  quadratus  litnihonim 
by  the  external  arcuate  ligament,  and  the  psoas  mngnns  by 
the  internal  arcnate  ligament,  and  has  two  tendinous  slips  of 
origin,  called  crurtc  of  the  diaphragm,  from  the  bodies  of  the 
second,  third,  and  fourth  lumbar  vertebne  and  the  interverte- 
bral cartihiges  on  the  right  side,  and  the  second  and  third  lum- 
bar vertebne  and  the  intervertebral  cartilages  on  tlie  left  side. 
From  this  origin,  which  extends  around  the  lower  circnmfer- 
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etice  of  tlie  thorax,  it  inounls  np  into  tbu  ca^ilT  of  the'ch«t 
forming  a  vaalled  arcli  or  dome,  with  its  concaTity  toward 
the  abdornen  and  its  convexity  toward  the  lungs.  In  tbeceo 
tral  portion  there  is  a  tendon  of  considerable  size,  and  sitiaft^ 
eomothing  like  the  club  on  a  playing  card,  witli  middle, 
right,  and  left  leaflets.  The  remainder  of  the  organ  is  com- 
posed of  radiating  fibres  of  the  striped  or  voluntary  mneciilat 
tissne.  The  (esophagus,  aorta,  and  inferior  vena  cava  pas 
tliroagh  the  diaphragm  from  the  thoracic  to  the  abdominal 
cavity,  by  three  openings. 

The  opening  for  the  oesophagus  is  surrotinded  by  musmlir 
fibres,  by  which  it  is  partially  closed  when  the  diaphragm 
contracts  in  inspiration,  as  the  fibres  simply  surround  tlio 
tube,  and  none  are  attached  to  it. 

The  oritice  for  the  aorta  is  bounded  by  the  bone  sod 
aponeurosis  posteriorly,  and  in  front  by  a  fibrous  band  U< 
which  the  muscular  fibres  are  attached ;  so  that  their  ood- 
traction  has  rather  a  tendency  to  increase,  than  diminlali,  IIk 
caliber  of  the  vessel. 

The  oriiiee  for  the  vena  cava  ia  surrounded  eulirely  hr 
tendinous  stnictnre,  and  contraction  of  the  diaphragm,  though 
it  might  render  the  form  of  the  orifice  more  nearly  cinmlar, 
can  have  no  effect  upon  its  caliber. 

The  action  of  the  diaphmgni  can  be  easily  studied  in  tlie 
inferior  animals  by  vivisectious.  If  the  abdometi  of  A  cat, 
which,  from  tlie  conformatiou  of  the  parts,  is  well  adapted  tu 
this  experiment,  be  largely  opened,  wc  can  obserre  the  detcent 
of  the  tendinous  portion,  and  the  contraction  of  the  mi 
iibres.  The  action  of  tins  uinscle  may  be  rendi 
apparent  by  compressing  the  walls  of  the  chest  with 
fo  as  to  interfere  somewhat  with  the  movements  of 
In  ordinary  respiration,  the  descent  of  tlie  diapliregra  Biid 
itA  approximation  to  a  piano  is  the  chief  phenomenon  o^ 
served ;  but  as  there  is  a  slight  resistance  to  the  deprta- 
eion  of  tlie  central  tendon,  it  is  probable  that  thero  is  alsa  a 
slight  elevation  of  the  inferior  ribs,  the  diaphragm 
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ia  a  limited  degree  it  is  true,  the  action  of  the  external 
iiitercostals. 

The  phenomena  referable  to  the  abdomen,  which  coincide 
with  the  descent  of  the  diaphragm,  can  easily  be  observed 
in  the  human  subject.  As  the  diaphragm  ia  depressed, 
it  necessarily  pn^es  the  viseera  before  it,  and  inspiratioii 
ia  therefore  accompanied  by  protrnsion  of  the  abdomen, 
Thb  may  be  rendered  very  marked  by  a  forced  or  deep  in- 
spiration. 

The  action  of  the  diaphragm  may  be  iUnstrated  by  a  vary 
simple  yet  striking  experiment.  In  an  animal  just  killed, 
after  opening  the  abdomen,  if  we  take  hold  of  the  structures 
which  are  attached  to  the  central  tendon,  and  make  traction, 
we  imitate,  in  a  rough  way,  the  movements  of  the  diaphragm 
in  respiration,  and  the  air  will  pass  into  the  lungs,  sometimes 
with  a  distinctly  audible  sound. 

The  effects  of  the  action  of  the  diaphragm  upon  the  size 
of  its  orifices  are  cliiefly  limited  to  the  oesophageal  opening. 
The  anatomy  of  the  parts  is  such  that  contraction  of  the 
moBcular  fibres  has  a  tendency  to  close  this  orifice,  ^Ylien 
we  come  to  treat  of  the  digestive  system,  we  shall  see  that  ihis 
is  anxiliaty  to  the  action  of  the  muscular  walls  of  the  ojso- 
phagna  itself,  by  which  the  cardiac  opening  of  the  stomach 
is  regularly  closetl  during  inspiration.  This  may  become 
important  when  the  stomach  is  much  distended;  for  descent 
of  the  diaphragm  compresses  all  the  abdominal  organs,  and 
might  otherwise  cause  regurgitation  of  a  portion  of  its  con- 
tents. 

The  contractions  of  the  diaphragm  are  animated  almost 
exclusively,  if  not  exclusively,  by  tlie  phrenic  nerve;  a  nerve 
wliich,  having  the  office  of  supplying  the  most  important 
respiratory  muscle,  derives  its  filaments  from  a  number  of 
sources.  It  arises  from  the  third  and  fourth  cervical  nerves, 
receiving  a  branch  from  the  fifth,  and  sometimes  from  the 
sixth;  it  passes  tlirough  the  chest,  penetrates  the  diaphragm, 
tuid  is  distributed  to  its  under  surface.     This  neiTC  was  the 
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Subject  of  naineroos  experiments  br  the  earlier  pb/siologiA, 
wlio  were  greatly  interested  in  tlie  minntise  of  the  actiun  of 
the  diapliragm.  and  other  mnscles,  in  reepiratiom  Its  gil- 
vanization  produces  convalsive  contractions  of  the  diaphngm, 
and  ita  section  paralyzes  the  muscle  almost  completely,  ll 
was  noticed  by  Lower,  that  after  eection  of  both  phrenie 
nerves  the  movements  of  the  abdomen  were  reversed,  anJ  it 
became  retracted  in  inspiration.'  This  is  explained  and  HIsp 
trated  by  volantary  suspensiou  of  tlie  action  of  the  diaphngtn, 
and  exaggeration  of  the  costal  movements.  As  the  ribs  ire 
raised,  the  atmospheric  pressure  causes  the  diaphragm  to 
mount  up  into  the  cavity  of  the  thorax,  and  of  coona  tLe 
abdominal  organs  follow. 

From  the  great  increase  in  the  capacity  of  the  chest  pv- 
duced  by  the  action  of  the  diaphragm,  and  its  conetant  ud 
universal  action  in  respiration,  it  must  be  regarded  as  by  ftr 
the  most  important  and  efficient  of  the  muscles  of  inspntkni. 

Hiccougli,  sobbing,  laughing,  and  crying  are  jnoduced 
mainly  by  tbe  action  of  the  diapliragm,  particularly  Inc- 
cough  and  sobbing,  which  are  produced  by  spasmodic 
tractions  of  this  muscle,  generally  beyond  tlie  control  of  tbs 
will 

Action  of  the  Mtiadt^  which  d^i'ate  the  liilm. — 'SctliM 
Musd^g. — In  ordinary  respiration,  the  ribs  and  the  entirt 
chest  are  elevated  by  the  combined  action  of  a  oamber  of 
muscles.  Tbe  three  scalene  muscles  are  attached  to  the  oervi- 
cal  vertebrie  and  the  first  and  second  ribs.  These  muscle^ 
which  act  particularly  upon  the  first  rib,  must  elevate  widi' 
it,  in  inspiration,  the  rest  of  the  thorax.  The  articulatiMi  of 
the  first  rib  with  the  vertebral  column  is  very  movable^ 
it  is  joined  to  the  stemnm  by  a  very  short  cartilage,  which 
allows  of  very  little  movement,  so  that  its  elevation 
rily  carries  with  it  tlie  sternum.  This  movement 
both  the  transverse  and  antero-poeterior  diamt 

'  BitAas,  Covn  Je  Fhynoloijii,  piri!,  I8S1,  umi 
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tliorax,  from  tlie  mode  of  articulation  aTid  direction  of  the 
ribs,  wliicli  are  somewhat  rotated  as  well  as  rendered  inoro 
borizoDtal. 

Perhaps  there  is  no  set  of  muscular  actions  to  which  as 
much  observation  and  speculation  have  been  devoted  as  those 
concerned  in  respiration ;  and  the  actions  of  the  muscles 
which  ore  attached  to  the  thorax  are  so  complex  and  difficult 
of  observation,  that  tlie  >-iew3  of  physiologists  concerning 
them  are  still  somewhat  conflicting.  AVTaile  some  adopt  the 
opinion  of  Ilaller,'  that  the  first  rib  is  almost  fixed  and  im- 
movable, others  contend,  as  did  Magendie,  that  it  is  the 
most  movable  of  all.*  Wltlj  regard  to  this  point  there  can 
now,  it  Bcems,  he  no  doubt.  By  putting  the  thumb  and  fin- 
ger on  either  side  of  the  neck  over  the  scaleni,  we  can  dis- 
tinctly feel  these  muscles  contract  with  every  tolerably  deep 
inspiration  (a  movement  which  Magendie  proposed  to  call 
tim  resjiiratory  pulse.  Ice.  cit.) ;  and  it  ia  further  evident 
that  though  in  the  male,  in  ordinary  respiration,  the  stemom 
IB  almost  motionless,  in  the  female,  and  in  the  male  in  deep 
inepirations,  the  sternum  is  considerably  elevated  and  pro- 
jected, particularly  at  its  lower  part.  This  latter  movement 
increases  the  antero-posterior  diameter  of  the  thorax,  and  can 
be  measured  with  an  appropriate  instrument.  The  elevation 
of  the  sternum  is  necessitated  by  its  close  and  almost  im- 
movable connection,  through  its  short  cartilage,  with  the 
first  rib. 

The  action  of  the  ecaleni,  while  it  is  inconsiderable  in 
iwdinary  respiration  in  the  male,  in  all  cases  renders  the  first 
rib  practically  a  fixed  point,  from  which  those  lutcrcostal 
muscles  which  raise  tlie  ribs  can  act. 


Intercostal  Musdea. — Concemiag  the  mechanism  of  the 
itction  of  these  mnseles,  there  is  great  difference  of  opinion 
twooug  physiologists ;  so  much,  indeed,  that  the  antlior  of  a 

'  Sltmtitla  Ph^oloffia,  LaaDoime,  ITfil,  tomns  iit.,  p.  23. 
*  Prieit  £liiiuntairt  dt  Fh/tiologit,  tome  iL,  p.  SII. 
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late  elaborate  work  assumes  tbat  the  (laeedon  ia  still  left  ia 
considerable  uncertainty.'  The  most  elaborate  reeearclin  <>■ 
tliis  point  are  those  of  Bean  and  Maigsiat  (vlreAiry*  Genervla 
tie  Midecin^,  18i3).  and  Sibson  (^Phthgophieal  Troftsaeticm, 
1846).  The  latter  seem  to  settle  the  qnestioa  of  the  modecf 
action  of  the  intcrcoetals,  and  explain  Eati&factorily  oertaii 
pointa  which  even  now  are  not  generally  appreciated.' 

Let  Qs  first  note  the  changes  which  take  place  in  tbe 
direction  of  the  ribs,  and  their  relation  to  each  other,  ia 
inspiration,  before  coneiderinv  the  way  in  which  these  more- 
meats  are  produced. 

In  the  dorsal  region,  the  spinal  colamn  forms  an  uA 
with  its  concavity  toward  the  chest,  and  the  ribs  increase  in 
length  progressively,  &om  above  downwards,  to  the  deepot 
jHDrtion  of  the  oreh,  where  they  are  longest,  and  then  beoooie 
progressively  shorter.  "  Dnring  inspiration  the  ribs  approadl 
to  or  recede  Irom  each  other  according  to  the  partof  tbetrdi 
with  which  tliey  srticolate ;  the  four  superior  rihs  appnadi 
each  otiier  antonorly  and  recede  from  each  other  posteriorly; 
the  fourth  and  £fth  ribs,  and  the  intfnuediate  eet  (uxth, 
seventh,  and  eighth),  move  further  apart  to  a  moderate,  the 
diaphragmatic  set  (four  inferior),  to  a  great  extent.  The  oppcx 
edge  of  each  of  these  ribs  glides  toward  the  vertebrs  in  rd^ 
tion  to  the  lower  edge  of  the  rib  above,  with  the  exception  of 
the  lowe&t  rib,  which  is  stationary." ' 

These  movements,  accnrately  and  admirably  deeccibod 
by  Sibeon,  and  illustrated  by  drawings  of  the  chest,  oaptT, 

'  LaxQiT,  Traili  Je  Phgiialoffit,  Fuv,  IBSl,  tome  L,  p.  t2t. 

■Sibeoa's  •rilcic  is  the  most  coinpleu  ever  publtshej  uimn  th*  i 
resfjntion.  TLe  action  of  llie  mpinitory  TDOsdes  vos  otwerrcd  t 
and  the  raechauiani  bj  »Ucb  the  capacit;  ot  the  thoru  U  modlAn 
in  ihc  moil  ingenioua  roooner  hj  uecbaniod  coDtrivuact,  rcpnccnting  ^fld- 
don,  etc,  of  the  ribB,  tad  Ihat  morements.  Bt  dilsling  Ihe  dHSt  after  daAi 
also,  he  slimre  tbe  ch&nge  which  t&ko  plac«  in  the  lUrectioD  of  Ibr  riba  md  tb 
consajuait  chortraiag  of  cctuiu  muscles,  which,  he  assnnus,  Binat  act  a*  wn4b 
bf  incpinitioD,  a  (Kt  wtudi  he  hu  taken  airt  to  lerif j  bf  ' 
*  SiKOX,  op.  a'l.,  p.  620. 
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as  in  cspiration,  nnd  distended  vith  air, 
posterior  and  transvei-se  diameters  of  tlie  thonx.  As  th» 
ribs  are  elevated  and  become  more  uearlj  liorizo&ul,  ihtif 
must  push  forward  the  lower  portion  of  the  stemnm.  TSwr 
coufiguratioQ  and  mode  of  articulation  with  the  Tertehne  m 
each,  that  they  cannot  be  elevated  witbont  midergoing  a  tea- 
siderab!e  rotation,  by  which  the  concavity  looking  direetlj 
towanl  the  langs  is  increased,  and  with  it  tbe  lateral  diameta 
of  the  chest.  All  the  intercostal  spaces  posteriorly  are  widet 
ed  in  inspiration. 

These  points  are  clearly  illiutratcd  In  the  accompujing 
diagrams," 

The  ribs  are  elevated  by  tbe  action  of  the  external  inW- 
costals,  tbe  sternal  portion  of  the  internal  ictercoetaky  and 
tlie  levatona  coatarum. 

Tbe  estemal  iutercostals  are  sitnated  between  the  rib 
only,  and  are  wanting  in  the  region  of  the  costal  carliligct. 
As  tlie  vertebral  extremities  of  tbe  ribs  are  the  pirots  QO 
which  these  levers  move,  and  tbe  stomal  extrenutieB  are 
movable,  the  direction  of  the  fibres  of  tbe  intercostaU,  fioa 
above  downwards  and  forwards,  renders  elevation  of  iheriU 
a  necessity  of  their  contraction;  if  it  can  be  assumed  that  the 
first  rib  is  fixed,  or  at  least  does  not  move  downwards.  Tfae 
scalene  mosclcs  elevate  tbe  first  rib  in  ordinarj-  inspiratiaii; 
and  in  deep  inspiration,  this  takes  place  to  each  as  extent  ■■ 
to  palpably  carry  with  it  the  stemnm  and  tlie  Iowkt  rilii 
Theoretically,  then,  the  external  intercostals  can  do  tioithiog 
bat  render  tbe  ribs  more  nearly  horizontal.  The  action  of 
these  muscles  has,  however,  been  the  sulrject  of  conaideraUe 
controversy,  on  theoretical  grounds.  We  shall  discaas  tbe 
question  chiefly  from  an  experimental  point  of  view. 

If  the  external  intercostals  be  exposed  in  a  living  animal, 
tbe  dog  for  example,  in  which  the  costal  type  of  rcspintjon 
is  verj'  marked,  close  observation  cannot  feil  to  convince  any 
one  that  these  muscles  enter  into  action  in  inspiration.    Tliil 
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feet  has  been  observed  by  SiI»oTi  and  many  other  physiolo- 
gists. If  attention  be  now  dinx^t-ed  to  the  eternal  portion  of 
the  internal  intercoatals.sJtiiated  between  the  costal  cttrtilages, 
their  tibres  having  a  direction  from  above  downwards  and 
backwards,  it  is  equally  evident  that  they  enter  into  action 
with  inspirution.  By  artificially  inflating  tlie  lungs  after 
death,  Sil>3on  couCrraed  these  observations,  and  showed  tiiat 
when  the  InngB  are  filled  with  air,  tlie  fibres  of  these  muscles 
■re  shortened.  In  inspiration  tho  riba  are  all  eeparated  pos- 
teriorly ;  bnt  laterally  and  anteriorly,  some  are  separated  (all 
below  tlie  fourth),  and  some  ore  approximated  (all  above  the 
fourth).  Thus  all  the  interspaces,  excepting  the  anterii)r  por- 
tion of  tlie  upper  three,  are  widened  in  inspiration.  Sibson 
liae  shown  by  inflation  of  the  chest,  that  though  the  ribs  are 
eeparated  from  each  other,  the  attachments  of  the  int«rcostala 
lire  ftpprosi  mated.  The  ribs,  from  an  excessively  oblique 
|>oeiUon,  are  rendered  nearly  horizontal;  and  consequently 
the  inferior  attachments  of  the  intercostals  are  brought  nearer 
the  spinal  column,  while  the  superior  attachments  on  the 
upper  borders  of  the  ribs  are  slightly  removed  from  it.  Thus 
these  muscles  ore  shortened.  If,  by  separating  and  elevating 
the  ribs,  the  muscles  are  shortened,  shortening  of  tbe  muscles 
will  elevate  and  separate  the  ribs.  In  the  three  superior 
interspaces,  the  constant  direction  of  the  ribs  is  nearly  hori- 
zontal, and  the  course  of  the  intercostal  lihi'eB  isnot  asobhque 
BS  in  Uiose situated  between  the  lowerriba.  These  spaces  are 
narrowed  in  inspiration.  The  muscles  between  the  costal 
cartilages  have  a  direction  opposite  to  that  of  tho  external 
intercoKtuls,  and  act  upon  tho  ribs  from  the  Btcrumn,  as  the 
others  do  from  the  spinal  column.  The  superior  interspace 
is'narrowed,  and  the  remainder  are  widened,  in  inspiration. 

The  probable  explanation  of  the  great  difference  of  opin- 
ion witli  regard  to  the  action  of  the  intercostals  is  the  diffi- 
culty of  comprehending,  at  the  first  blush,  that  the  contrac- 
tion of  muscles  situated  between  the  ribs  can  separate  them 
from  each  other ;  a  pbetioroenon  which  is  easily  understood 
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atler  a  careful  consideration  of  tlie  relative  poeition  of  the 
parts. 

L&oatorea  Costarum. — Tlie  action  of  these  mnaclra  emotA 
be  mistaken.  They  have  iiiiiuovable  point*  of  origin,  t!ie 
transverse  processes  of  twelve  vert ehne  from  the  last  cervioJ 
to  the  eleventh  dorsal,  and,  spreading  out  like  a  fan,  ore  at- 
tached to  the  npper  edges  of  the  ribe  between  tlie  tubercles 
and  the  angles.  In  inspiration  they  contract  and  ast^t  in  the 
elevation  of  the  ribs.  They  ore  more  developed  in  man  tliaa 
in  the  inferior 


Avxiliary  Muscles  of  Insjfiraiion, — The  muscle  which 
have  just  been  considered  are  competent  to  increase  the  c* 
pacity  of  the  thorax  sufficiently  in  ordinary  respiration ;  there 
are  certain  mnscles,  however,  which  are  attached  to  the  ches" 
and  the  upper  part  of  the  spinal  column,  or  tipper  extremidCAi 
which  may  act  in  inspiration,  though  ordinarily  the  chest  ii 
the  fixed  point,  and  they  move  the  head,  neck,  or  ano-L 
These  muscles  are  brought  into  action  when  the  movements 
of  respiration  are  esa^erated.  When  this  exaggeration  ii 
but  slight  and  physiological,  as  after  exercise,  certain  of  them 
(ordinary  aaxiliaries)  act  for  a  time,  until  the  tranquillity  of 
the  movements  is  restored.  But  when  there  is  obstmctioQ 
in  the  respiratory  passages,  or  when  respiration  is  excessirelT 
difficnlt  ti-om  any  cause,  threatening  suffocation,  all  the 
mnscles  which  can  by  any  possibility  raiae  the  chest  we 
brought  into  action.  The  principal  ones  are  put  down  to  the 
table  under  the  head  of  extraordinary  auxiliaries.  Mo«t  of 
these  muscles  can  voluntarily  be  brought  into  play  to  raise 
the  chest,  and  the  mechanism  of  their  action  can  in  this  way 
be  demonstrated. 

Serraius  Posticus  Su^rlor. — This  muscle  arises  from  the 
ligamentum  nuchEC,  the  spinous  processes  of  the  last  cervical 
and  npper  two  or  three  dorsal  vertebrte,  its  tibres  jMu^ng 


obliquely  downwai'ds  and  ontwards,  to  be  attached  to  the 
npper  borders  of  tbe  second,  third,  fourth,  and  tifth  ribs  just 
beyond  their  angles.  By  reversing  its  action,  as  we  have  i-e- 
versed  the  description  of  its  origin  and  insertiouB,  it  is  capable 
of  increasing  llie  capacity  of  the  thorax.  Silson  has  seen 
tilts  muscle  contract  in  inspiration,  iu  the  dog  and  tlie  ass.' 

Stemo-mastmdeus. — That  portion  of  the  muscle  which  is 
attached  to  the  mastoid  process  of  tiie  temporal  bone  and  the 
Btemum,  when  the  head  is  tixcd,  is  capable  of  acting  as  a 
mnecle  of  inspiration.  It  does  not  act  in  ordinary  respira- 
tiou,  bnt  its  contractions  can  he  readily  observed  whenever 
respiration  is  hurried  or  exaggerated. 

Tbe  following  ransclea,  as  a  rnle,  only  act  as  musclea  of 
ioepiration  when  respiration  is  exceedingly  difficult  or  la- 
bored. In  certain  cases  of  capillary  bronchitis,  for  example, 
the  anxious  expression  of  the  countenance  betrays  the  sense 
of  imi^ending  suffocation ;  the  head  is  thrown  back  and  fixed, 
llie  shoulders  are  braced,  and  every  available  muscle  is 
broagiit  into  action  to  raise  the  walls  of  the  thorax.' 

Zevator  AnfpiU  ScapuJee  and  Superior  I't/rtion  of  t/u 
Trapeeiua. — Movements  of  the  scapula  liave  often  lieen  ob- 
eerved  in  very  labored  respiration.  Its  elevation  during  in- 
spiration is  chiefly  effected  by  the  levator  angnli  scapulfe 
and  the  upper  portion  of  the  trapezius,  The  ibrnier  arises 
from  the  transverse  processes  of  the  upper  three  or  four  cer- 
vical vertebiTB,  and  is  inserted  into  the  posterior  border  of 
tbe  scapula  below  the  angle.  It  is  a  thick  flat  muscle,  and 
when  the  neck  is  tbe  fixed  point,  assists  in  the  elevation  of 
the  thorax  by  raising  the  scapula.  The  trapezius  is  a  broad 
fiat  muscle  arising  from  the  occipital  protuberance,  part  of 
the  superior  curved  line  of  the  occipital  bone,  the  ligauieutum 

'  Op.  at,  p.  ill. 

'  Coder  IbeM  circamstaBces,  some  muscles  which  Re  hire  nut  tliiugbc  it  nc- 
ut  uulimntf  M  rauaslM  of  iiupinilau. 
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nnchti?,  and  ttie  spinous  processes  of  tbe  last  cetxical  nnil  ail 
the  (ioreal  vertebne,  to  be  inserted  into  the  npper  border  of 
the  epine  of  the  scapula.  Acting  fixjm  its  attachments  to  tl* 
occipnt,  the  ligamentum  uncliie,  the  last  cervical  Tcrti^hn, 
and  perhaps  one  or  two  of  the  dorsal  vertebne,  tlii&  tniuda 
maj  elerate  the  acapnia  and  assist  iOyiaspiration. 

Pectoralis  Minor  and  Inferior  Portion  of  the  Pectoniit 
Major. — These  mnBcles  act  together  to  raise  the  ribs  in  diffi- 
cult respiration.  The  pectoralis  minor  is  the  more  effidenL 
Tracing  it  from  its  attachment  to  the  coracoid  pro<^'Css  of  tbe 
scapula,  its  fibres  pass  downwards  and  forwards  to  be  attached 
by  three  indigitations  to  tbe  external  surface  and  upper  mai^ 
gins  of  tbe  third,  fourth,  and  fifth  ribs,  jast  posterior  to  the 
cartilflges.  With  the  coracoid  process  as  the  fixed  point,  tliili 
muscle  is  capable  of  powerfully  assisting  in  tlie  elevation  uf 
the  ribs.  That  portion  of  the  pectoralis  major  vbich  a  at- 
tache<l  to  the  lower  part  of  the  sternum  and  costal  caftil^M 
is  capable  of  acting  from  its  insertion  into  the  bicipital 
groove  of  the  bamerus,  when  the  shoulders  are  fixed,  in  ooiK 
cert  with  the  pectoralis  minor.  In  great  dyspnoea,  it  is  fi»- 
queully  observed  that  the  shoulders  are  braced,  tbe  pectoralt 
acting  most  vigorously  to  raise  the  walls  of  the  chest, 

Serratus  Mapius, — This  is  a  broad  thin  muscle  covering  » 
great  portion  of  the  lateral  walls  of  the  thorax.  Attached  ta  tfa« 
inner  margin  of  the  posterior  border  of  the  scapula,  its  fit«e| 
pass  forwards  and  downwards,  and  are  attached  to  the  e 
nal  surface  and  npper  borders  of  tbe  eight  superior  ribi. 
Acting  from  tlie  scapula,  this  moscle  is  capable  of  ass^^ 
tbe  pectorals  in  raising  the  ribs,  and  becomes  a  powerftil  «&fr 
iliaiy  in  difficult  inspiration. 

We  have  thus  considered  the  functions  of  the  prindi 
inspiratory  muscles,  without  tating  up  those  which  have 
insignificant  or  undetermined  action.  In  many  animate  t 
nares  are  considerably  distended  in  inspiration ;  and  in  tlia 
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horee,  wlilt-h  does  not  respire  by  the  mouth,  these  movements 
we  as  essential  to  life  as  are  the  respiratory  muvcmeuts  of  the 
laiynx.  Jn  man,  as  a  mle,  the  nares  undergo  do  moveaient 
unless  respiration  be  somewliat  exaggerated.  In  very  diffi- 
cult respiration  the  mouth  is  opened  at  eacli  inspiratory  act. 
We  have  not  thought  it  neuessary  to  treat  of  the  action  of 
those  ninscles  which  serve  to  fix  the  head,  neck,  or  shoulders 
in  dyspntes. 

The  division  into  ninsclea  of  ordinary  inspiration,  ordi- 
nary auxiliaries,  and  extraordinary  auxiliaries,  must  not  be 
tAken  as  absolute.  In  the  male,  in  ordinary  respiration,  the 
diaphragm,  intercoBtals,  and  levatores  eostaram  are  the  great 
inspiratory  muscles,  and  the  action  of  the  Ecaleni,  with  the 
consequent  elevation  of  the  etemnm,  is  commonly  very  eliglit, 
or  perhaps  wanting.  In  the  female,  the  movements  of  the 
upper  parts  of  the  chest  are  very  maiked,  and  the  scaleni,  the 
eerratus  posticns  superior,  and  sometimes  the  stemo-mastoid, 
«re  brought  into  action  in  ordinary  respiration.  In  the  vari- 
ODft  types  of  respiration,  tho  action  of  the  muscles  engaged  in 
onlinarr  respiration  necessarily  presents  conaiderable  varift- 
tiona.  


CHAPTER  XI. 


MOTEMESTS   OF  EXPIR&TIOS'. 


InflaeDCf  of  the  elusticit;  of  ibc  pulmonftr;  structure  and  walls  of  A<  dl 
UuBcles  of  expiration — latcm&l  inUirco9t«l9 — loIra-caKtalea 
ni — Action  of  llic  abdoniin&l  muscles  in  expiration — Tjpea  of  n 
Abdomioiil  type — Inferior  co»t*l  type — Superior  costAl  t 
reejuralorytnovoiDenta — Relationa  of  inAptmtioa  Biid  expiration  tOMliiA 
Tbe  respiratory  sounile — Congliing — Sncczlag — Sigbing — YawniDg— fa 
h>g — Sobbing — Hiccough — Capacity  of  the  lungs  and  tbe  quanlilj  4 
eiianged  intbo  reap!  rut  ory  acts — Reaidiudair — Kueerrc  air — l^da^orbiW 
air — Camplemental  nir — Extreme  breathing  capacity — Bclatioaa  Inn 
the  exi^red  to  Ibe  inaplced  air — DitToaon  of  air  ia  the  lunga. 


The  air  is  expelled  from  tlie  lungs,  in  ordinary  e 
by  a  siinjjie  niid  comsmralivflv  jins^ivc  i>ruc'&is.  Tlie  lu 
contiiiii  H  ^TQnt  uiniiliLT  of  elliptic  libres  surroumling  the 
cells  and  tlio  s-iiml!cst  riiniificatioiis  of  tlie  bronchial  ta 
wliicli  yivc  tlu'iii  {TTCiit  clasticitj-,  AVc  ciiii  form  nn  i-l-:. 
tlie  extent  of  cliislieity  of  tliesc  orjrans,  by  simply  remo> 
tlicni  t'roin  tbe  eliest,  when  tliey  collapse  and  bo<;onie  ni 
times  sniullcr  than  tlic  cavity  wbicli  fbej'  before  t-omiile 
tilled.  Tlic  Iboraeic  walls  nre  als:>  very  elastic,  jiartii-u! 
in  youni;  ])ersons.  Alter  the  niuwles  wliiuli  increase 
capiioity  of  the  tburax  eea^ic  their  action,  the  flastioity  ot" 
coi^tal  cai'tilajres  and  the  tonicity  of  iiiuseles  which  have  1 
pitt  on  tbe  stretch,  will  restore  the  chest  to  what  we  may 
its  passive  dimensions.  This  ela-ticity  is  likewise  capahl 
acting  as  an  insjiiratory  Ibn-e  ivhen  tbe  ebest  lias  been  i 
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pressed  in  any  way.  There  are  also  certain  uinscles,  the 
action  of  which  is  to  draw  the  ribs  downward,  and  which,  in 
tranquil  respiration,  are  antagonistic  to  those  which  elevate 
the  ribs.  Aside  from  this,  many  operations,  such  as  si)eak- 
ing,  blowing,  singing,  etc.,  require  powerful,  prolonged,  or 
complicated  acts  of  expiration,  in  whicli  numerous  muscles 
are  brouglit  into  play. 

Expiration  may  be  considered  as  depending  upon  two 
causes : 

1.  Tlie  passive  influence  of  the  elasticity  of  the  lungs  and 
the  thoracic  walls. 

2.  The  action  of  certain  muscles,  which  either  diminish 
the  transverse  and  antero-posterior  diameters  of  the  chest  by 
depressing  the  ribs  and  sternum,  or  the  vertical  diameter  by 
pressing  up  the  abdominal  viscera  behind  the  diaphragm. 

Influence  of  the  ElaMlcity  of  the  Pulmonary  Structure 
cmd  Walls  of  the  Chest, — It  is  easy  to  understand  the  in- 
fluence of  the  elasticity  of  the  pulmonary  structure  in  expi- 
ration. From  the  collapse  of  the  lungs  when  openings  are 
made  in  the  chest,  it  is  seen  that  even  atler  the  most  complete 
expiration,  these  organs  have  a  tendency  to  expel  part  of  their 
gaseous  contents,  which  cannot  be  fully  satisfied  until  the 
chest  is  oj^ened.  They  remain  partially  distended,  from  the 
impossibility  of  collapse  of  the  thoracic  walls  beyond  a  certain 
point ;  imd  by  virtue  of  their  elasticity,  they  exert  a  suction 
force  upon  the  floor  of  the  thorax,  the  dia])hragm,  causing  it 
to  form  a  vaulted  arch  or  dome  above  the  level  of  the  lower 
circumference  of  the  chest.  When  the  lungs  are  collapsed, 
the  diaphragm  hangs  loosely  between  the  abdominal  and 
thoracic  cavities.  In  inspiration  and  in  expiration,  then,  the 
relations  between  the  lungs  and  diaphragm  are  reversed.  In 
inspiration,  the  descending  diaphragm  exerts  a  suction  force 
on  the  lungs,  drawing  them  down ;  in  expiration,  the  elastic 
lungs  exert  a  suction  force  u]x>n  the  diaphragm  drawing  it 

up.    This  antagonism  is  one  of  the  causes  of  the  great  power 
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CHAPTER  XL 

MOYEMJBNTS  OF  "EXFTRATIOS* 

Inflaence  of  the  elasticity  of  the  pufanonarj  stnictare  and  walb  of  the  ckit* 
Husdes  of  expiration — ^Internal  intercostals — Infiraroostales — ^Triangidarii  iM^ 
ni — ^Acdon  of  the  abdominal  mnsdes  in  expiration — ^Typea  of  lespiratiafr- 
Abdominal  type — ^Inferior  costal  type — Superior  costal  type— IVeqnaiey  of  tk 
respiratory  movements — ^Relations  of  inspiration  and  expiration  to  eadiote- 
The  respiratory  sounds — Onigfaing — Sneezing — Sghing — ^Yawniog— Ln^ 
ing — Sobbing — ^Hiccough — Capacity  of  the  lungs  and  the  quantity  of  tf 
changed  in  the  respiratory  acts — ^Residual  air — ^Resenre  ui^— Tidal,  or  breitliBS 
air — Complcmental  air — ^Extreme  breathing  capacity — Rdations  in  TohimeQf 
the  expired  to  the  inspired  air — ^Diffusion  of  air  in  the  lungs. 

The  air  is  expelled  from  the  longs,  in  ordinary  expiration, 
by  a  simple  and  comparatively  passive  process.  The  lungs 
contain  a  great  number  of  elastic  fibres  surrounding  the  air 
cells  and  the  smallest  ramifications  of  the  bronchial  tubes, 
which  give  them  great  elasticity.  TTe  can  form  an  idea  of 
the  extent  of  elasticity  of  these  organs,  by  simply  remoTiug 
them  from  the  chest,  when  they  collapse  and  become  many 
times  smaller  than  the  cavity  which  they  before  completdv 
tilled.  The  thoracic  walls  are  also  very  elastic,  particularly 
in  young  persons.  After  the  muscles  which  increase  tbc 
capacity  of  the  thorax  cease  their  action,  the  elasticity  of  the 
costal  cartilages  and  the  tonicity  of  muscles  which  have  been 
put  on  the  stretch,  will  restore  the  chest  to  what  we  may  call 
its  passive  dimensions.  This  elasticity  is  likewise  capable  of 
acting  as  an  inspiratory  force  when  the  chest  has  been  com- 
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pressed  in  any  way.  There  are  also  certain  iiinscles,  tlie 
action  of  which  is  to  draw  the  ribs  downward,  and  which,  in 
tranquil  respiration,  are  antagonistic  to  those  which  elevnte 
the  ribs.  Aside  from  Urn,  many  operations,  sncii  as  speak- 
ing,  blowing,  singing,  etc.,  reqniro  powerful,  prolonged,  or 
compliciited  acta  of  eiipiration,  in  which  numerous  mnseles 
are  brought  into  play- 
Expiration  may  be  considered  as  depending  upon  two 


1.  Tlie  passive  influence  of  the  elasticity  of  the  lungs  and 
the  tlioracic  walls. 

3.  The  action  of  certain  muscles,  which  either  diminish 
the  transverse  and  anteroposterior  diameters  of  the  chest  by 
depressing  the  ribs  and  sternum,  or  the  vertical  diameter  by 
pressing  np  the  abdominal  viscera  behind  the  diaphragm, 

Infiuenc6  of  the  Elaet'icity  of  the  Pulmonary  Sfmcture 
and  WalU  of  the  C'keet. — It  is  easy  to  understand  the  in- 
floence  of  the  elasticity  of  the  pulmonary  structure  in  expi- 
ration. From  the  collapse  of  the  lungs  when  ojrenings  are 
made  in  the  chest,  it  is  seen  that  even  afler  the  moat  complete 
.  expiration,  these  organs  have  a  tendency  to  expel  part  of  their 
gaseous  contents,  which  cannot  be  fully  satisfied  until  the 
cheet  is  opened.  They  remain  partially  distended,  from  the 
impossibilityof  collapse  of  the  thoracic  walls  beyond  a  certain 
point ;  and  by  virtue  of  their  elasticity,  they  exert  a  snction 
force  uiion  the  floor  of  the  thorax,  the  diaphragm,  causing  it 
to  form  n  vaulted  arch  or  dome  above  the  level  of  the  lower 
circumference  of  the  chest.  "When  the  lungs  are  collapsed, 
the  diaphragm  hangs  loosely  between  tlie  abdominal  and 
thoracic  cavities.  lu  inspiration  and  in  expiration,  then,  the 
relations  between  the  lungs  and  diaphragm  are  reversed.  In 
inspiratit>n,  the  descending  diapliragm  exerts  a  suclion  force 
on  the  lungs,  drawing  them  down ;  in  expiration,  the  elastic 
lungs  exert  a  suction  force  upon  the  diaphragm  drawing  it 
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of  the  diaphragm  as  an  inspiralorT  mnscle.  Oareon,  in  1831^ 
was  the  first  to  note  tlie  relation  of  tlie  elasticity  of  the 
V>  tlie  espulsioa  of  nir,  Introdaeing  a  U  tube  paitlr 
witb  water  into  tlie  trachea  of  an  animal  jnst  littled, 
securing  it  by  a  ligature,  ttis  observer  noted  a  conailei^ 
pressure  on  opening  the  chest ;  equal  in  the  calf,  sLccp,  <w 
dog  to  a  column  of  water  of  from  12  to  IS  inches,  aatl  in  lie 
eat  or  rabbit,  from  6  to  10  inches.* 

The  elasticity  of  the  longs  operates  diicfly  apon  thefo 
phragm  in  reducing  the  capacity  of  the  chest ;  for  tlio  iriUi 
of  the  thorax,  by  virtue  of  their  own  elasticity,  have  a  Mfr 
tion  which  Eucceeds  the  morementa  produced  by  the  iiKp- 
ratorj-  muscles.  A  simple  experiment,  which  wo  haro  oflen 
performed  in  public  demonstrations,  iUnstrat«s  tlie  chief  o- 
piratory  influence  of  the  elasticity  of  the  lungs.  If,  in  la 
animal  just  killed,  we  open  the  abdomen,  seize  hold  of  the 
vena  cava  as  it  pa^es  through  the  diaphragm,  and  mitt 
tracti'in,  we  imitate  the  action  of  this  muscle  soSieieiitl; Is 
prodnce  at  times  an  audible  inspiration  ;  on  loo6iugonrlu)M> 
we  liave  expiration,  as  it  is  in  a  measure  accomplidwd  in 
natural  respiration,  by  virtue  of  the  resiliency  of  the  Itutgl^ 
carrying  the  diaphragm  up  into  tlie  thorax. 

Though  tliis  is  tiie  main  action  of  the  Inngs  llienudn< 
in  ex-piration,  their  relations  tg  the  walls  of  the  ihoras  at 
important.  By  virtue  of  their  elasticity,  they  assist  tic  j* 
dve  collapse  of  tlie  chest.  AVben  they  lose  this  prwpwtj  ta 
any  considerable  extent,  as  in  vesicular  emphyanna,  ti«y 
offer  a  notable  resistance  to  the  coulmction  of  tlio  thonx 
much,  indeed,  that  in  old  cases  of  this  disease  the  niovcnoei* 
are  much  restricted,  and  the  chest  presents  a  chanuicrifltf 

'  J^i'ofdphieal  TVoruoff.ani,  1820. 

'  If.  altct  noting  the  elcTntion  in  the  liquid  due  to  the  dtftidtf  of  the  t^ 
tb»e  OTgMU  be  Blimiilatcd  b;  meana  of  a  curreot  of  g>Imnsm,  ite  kfM  ** 
gniluollj  cue,  ia  obcdioice  to  the  contnciiODi  of  the 
bronchiot  talwa.  This  slow  contraction,  characterutic 
Ur  fibns,  'loo  not  IdIotvoic  in  the  phyiiological  phmonwna  ir 
the  aclioii  of  these  fibrea  U  impoiluit  in  ccrtun  caacs  of  dUeue. 
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rounded  and  distended  appearance.  In  some  of  these  cases 
the  elasticity  of  the  lungs  is  so  far  lost,  that  when  the  chest 
is  opened  after  death,  they  are  actually  protruded,  instead  of 
collapsed.^ 

Little  more  need  be  said  concerning  the  passive  move- 
ments of  the  thoracic  walls.  When  the  action  of  the  inspi- 
ratory muscles  ceases,  the  ribs  regain  their  oblique  direction, 
the  intercostal  spaces  are  narrowed,  and  the  sternum,  if  it 
have  been  elevated  and  drawn  forward,  falls  back  to  its  place 
by  the  simple  elasticity  of  the  paiis. 

Action  of  MxisdeB  in  Expiration. — The  following  are  the 
principal  muscles  concerned  in  expiration  : 

Muaclea  of  Expiration. 

ORDINARY  RESPIRATION. 

MiucU,  Attachmenta, 

Osseous  portion  of  Internal  Intcrcostals.  .Inner  borders  of  the  ribs. 

Infrircostales Inner  surfaces  of  the  ribs. 

Triangularis  Stemi Ensiform    cartilage,   lower   borders    of 

sternum,  lower  three  or  four  costal 
cartilages-^— cartilages  of  the  secoud, 
third,  fourth,  and  fifth  ribs. 

*  In  old  cases  of  emphysema,  the  chest  generally  becomes  rounded  and  dis- 
tended, presenting  constantly  the  appearance  which  it  has  in  forced  inspiration. 
This  is  explained  in  the  following  way :  Emphysema  is  generally  preceded  and 
accompamed  by  a  difficulty  in  respiration,  from  some  cause  which  is  more  or  less 
constant.  This  gives  rise  to  frequent  violent  movements  of  inspiration,  when  the 
lungs  and  chest  arc  distended  to  their  utmost  capacity.  In  this  condition,  expi- 
ration is  difficult,  and  the  chest  collapses  but  imperfectly.  Gradually,  as  the  per- 
manent dilatation  of  the  (dr^Mills  gains  ground,  the  lungs  lose  their  elasticity,  and 
offer  considerable  resistance  to  the  collapse  of  the  thoracic  walls.  But  difficult 
breathing,  and  consequent  violent  elevation  of  the  ribs,  becomes  more  ani  more 
frequent;  the  chest  is  constantly  dilated,  the  lungs  following,  of  course,  but  refus- 
ing to  collapse  in  expiration,  until  the  chest  becomes  permanently  distende<l.  In 
this  condition,  the  lungs  press  downwani,  as  well  as  lateraUy,  and  the  movements 
of  the  diaphragm  arc  considerably  restricted. 
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AtaUiaria. 

Obliquus  Ezternus Extenud  surface  and  inferior  bonkntf 

eight  inferior    ribs the  aalBEMr 

half  of  the  crest  of  the  ileiim,  Fto> 
part's  ligament,  Hnea  ilba. 

Obliqnus  Intemus Outer  half  of  Ponpart's  Ugamcnl^  hH^ 

nor  two-thirds  of  the  crest  of  thi 
ileum,  lumbar  fiacia  cartiligfi  of 
four  inferior  ribs,  lineal  alba,  ciectd 
the  pubis,  pectineal  line. 

Iransversalis Outer  third  of  Poupart's  ligament,  I3t^ 

rior  two-thirds  of  the  crest  of  the 
ileum,  lumbar  Tertebrae,  imker  at- 
face  of  cartilages  of  six  inferior  libi 

crest  of  the  pubis,  pectineal  fise, 

lineaalba. 

Sacro-lumbalis Sacrum angles   of  the  six  infiskr 

ribs. 

Internal  Intercostals, — The  internal  intercostals  have  dif- 
lerent  functions  in  different  parts  of  the  thorax.     TLey  are 
attached  to  the  inner  borders  of  the  ribs  and  costal  cartikges. 
Between  the  ribs  they  are  co^•ered  by  the  external  intercosr 
tals,  but  between  the  costal   cartilages  are  simply  covered 
by  aponeurosis.     Their  direction  is  from  above  downwards 
and  backwards,  at  right  angles  to  the  external  intercostak 
The  function  of  that  portion  of  the  internal  intercostals  situ- 
ated between  the  costal  cartilages  has  already  been  noted. 
They  assist  the  external  intercostals  in  elevating  the  ribs  in 
inspiration.     Between  the  ribs  these  muscles  are  directly  an- 
tagonistic to  the  external  intercostals.    They  are  more  nearly 
at  right  angles  to  the  ribs,  particularly  in  that  portion  of  the 
thorax  where  tlie  obliquity  of  the  ribs  is  greatest.     The  ob- 
servations of  Sibson  have  shown  that  they  are  elongated 
when  the  chest  is  distended,  and  shortened  when  the  chest  is 
collapsed.     This  fact,  taken  in  connection  with  experiments 
on  living  animals,  shows  that  they  are  muscles  of  expiration. 
Their  contraction  tends  to  depress  the  ribs,  and  consequentlv 
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to  dimimfJi  the  capacity  of  Uie  chest.  If  wo  brirg  an  ani- 
mal, a  dog  for  example,  completely  under  the  iafluence  of 
etlier,  exi)ose  the  walls  of  the  chest,  dissect  off  the  faacla  from 
some  of  tba  externa!  intercostal^,  then  remove  carefully  u 
portion  of  one  or  two  of  these  umeclcs  so  as  to  expose  the 
fibres  of  the  internal  intercoitals,  it  is  not  didicnlt,  on  close 
examination,  to  observe  the  antagonism  between  tlio  two  sets 
of  muscles ;  one  being  brought  into  action  in  inspiration  and 
the  other  in  expiration. 

Infra-eostaUe.—'Yhf^  muscles,  situated  at  the  posterior 
part  of  the  thorax,  are  variable  in  size  and  number.  They 
are  most  common  at  the  lower  part  of  the  chest.  Their 
fibre9  arise  from  the  inner  surface  of  one  rib  to  be  inserted 
into  the  inner  surface  of  the  fii-st,  second,  or  third  rib  below. 
The  fibres  tbllow  the  direction  of  the  iutemal  intercostuls, 
and  acting  from  their  lower  attachments,  their  contractions 
aaaist  these  muscles  in  drawing  down  the  ribs, 

Triajujularia  Stenii. — There  has  never  been  any  doubt 
concerning  the  expiratory  fimction  of  the  triangularis  stemi. 
From  its  origin,  the  ensiform  cartilage,  lower  borders  of  the 
sternum,  and  lower  three  or  four  costal  cartilages,  it  acta 
upon  the  cartilages  of  the  second,  third,  fourth,  and  tiHh  ribs, 
to  which  it  is  attached,  drawing  them  downwards,  and  thus 
diminishing  the  capacity  of  the  chest. 

The  above-mentioned  muscles  are  called  into  action  in 
ordinary  tranquil  respiration,  and  their  sole  function  is  to 
diminish  the  capacity  of  the  chest.  In  labored  or  difHcult 
expiration,  and  in  the  acts  of  blowing,  phonation,  etc.,  other 
muscles,  which  are  called  aiixiliarin^,  play  a  more  or  less 
important  part.  These  muscles  all  enter  into  the  fonnatlon 
of  the  walls  of  the  abdomeu,  and  their  general  action  iu 
expiration  is  to  press  the  abdominal  viscera  ajid  diaphragm 
into  the  thorax,  and  diminish  its  vertical  diameter.  Their 
action  is  voluntary ;  and  by  an  effort  of  the  will  it  may  be 
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opposed  more  or  less  by  tlie  dinpliragui,  by  which  means  the 
duration  or  intensity  of  the  expiratory  act  is  rcgnUloL 
They  are  also  attaclied  to  the  ribs  or  costal  cartilages,  ud 
while  they  press  up  the  diaphragm,  depress  the  ribs,  snil 
thus  diminish  tlie  antero-posterior  and  transverse  dlatnctcn 
of  the  cheat.  lu  tliis  action  they  may  be  oppoaed  by  the 
volnntary  action  of  the  muscles  whicii  raise  the  ribs,  sb> 
for  tbe  purpose  of  regulating  the  character  of  the  expinton 
act.  The  importance  of  tliiB  kind  of  action  in  dechunUinn, 
singing,  blon-ing,  etc.,  is  evident;  and  the  skill  exhibited  li* 
vocalists  and  performers  on  wind  instruments  shoTS  how 
delicately  this  may  be  regulated  by  practice. 

In  labored  respiration  in  disease,  oud  in  the  IinmBl 
respiration  after  violent  exercise,  the  auxiliary  mufides  of  et 
piration,  as  well  as  of  iDBpiration,  are  called  into  acti<Hl  to  i 
considerable  extent. 

OUlqutig  JExterntui. — This  muscle,  in  eoDoection  wiihtlw 
ob1ii]uus  intemus  and  transversalis,  is  efficient  in  forced  nr 
laborpd  expiration,  by  pressing  the  abdominal  viscen 
against  the  diaphragm.  Its  fibres  run  obliquely  from  aWre 
downwards  and  forwards.  Acting  from  its  attachmeiiU  to 
the  liuea  alba,  crest  of  the  ilenm,  and  Poupart's  ligament,  Itv 
its  attachment  to  the  eight  inferior  ribs,  it  draws  the  rita 
downwards. 

Ohllquua  Intermix. — This  muscle  also  acts  in  furced  e^" 
ration  by  compressing  the  abdominal  viscera.  The  dir«ti«i 
of  its  tibres  is  from  below  upwards  and  forwards.  Acting 
from  its  attachments  to  the  creet  of  the  ileum,  Poupart's  lig- 
ament, and  the  lumbar  fascia,  by  its  attachments  to  theMirti" 
lagea  of  the  four  inferior  rilie,  it  draws  tbeni  downwanIi> 
The  dii-ection  of  the  fibres  of  this  muscle  is  the  same  as  thtf 
of  the  internal  intercostals.  Hj  its  action  the  ribs  arc  dravo 
inwards  as  well  as  downwards. 

Transvei'salu. — The  expiratory  action  of  tliis  mstde  U 
mainly  in  compressing  the  abdominal  risccra. 
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Sa<:ro4umbali8. — This  muscle  is  situated  at  the  j)o&lerior 
portion  of  the  abdomen  and  thorax.  Its  fibres  pass  from  its 
ongin  at  the  sacrum,  upwards  and  a  little  outwards,  to  be 
inserted  into  the  six  inferior  ribs  at  their  angles.  In  ex])ira- 
tion  it  draws  the  ribs  downwards,  acting  as  an  antagonist  to 
the  lower  levatores  costarum. 

There  are  some  other  muscles  which  may  be  brought  into 
action  in  forced  expiration,  assisting  in  the  depression  of  the 
ribs ;  such  as  the  serratus  posticus  inferior,  the  superior  fibres 
of  the  serratus  magnus,  tlie  inferior  portion  of  the  trapezius; 
but  tlieir  function  is  unimportant.' 

Types  of  Respiration, — In  the  expansive  movements  of 
the  chest,  though  all  the  muscles  which  have  been  classed  as 
ordinary  inspiratory  muscles  arc  brought  into  action  to  a 
greater  or  less  extent,  the  fact  that  certain  sets  may  act  in  a 
more  marked  manner  than  others  has  led  physiologists  to 
recognize  ditferent  types  of  respiration.  Following  Beau 
and  Maissiat,  three  types  are  generally  given  in  works  on 
physiology : ' 

1.  The  Abdominal  type, — In  this,  the  action  of  the  dia- 
phragm, and  the  consequent  movements  of  the  abdomen,  are 
most  prominent. 

2.  The  Inferior  Costal  type, — In  this,  the  action  of  the 
muscles  which  expand  the  lower  part  of  the  thorax,  from 
the  seventli  rib  inclusive,  is  most  prominent. 

3.  The  Superior  Costal  type. — In  this,  the  action  of  the 
muscles  which  dilate  the  thorax  above  the  seventh  rib,  and 
which  elevate  the  entire  chest,  is  most  prominent. 

'  It  is  uncertain  whether  the  straight  muscles  of  the  abdomen  arc  ever  con- 
cerned in  expiration.  From  their  situation,  it  might  be  supposed  that  they  would 
have  some  action  in  the  more  violent  phenomena  of  expiration,  such  as  sneezing, 
u)ughin^^  crying,  etc. ;  but  Beau  and  Haissiat,  who  liavo  investigated  these  ques- 
tions very  carefully,  state  that  in  dogs  they  lunro  never  seen  these  muscles  act, 
even  in  the  most  violent  efforts.    {Arckivei  Oinirales,  4th  series,  voL  iii.) 

'  TxfC,  cii. 


Tbe  abdominal  type  is  most  marked  in  cbildren  nnder 
ihe  a^  of  tliree  years,  irrespective  of  sex.  In  thera,  to»jm» 
tioo  is  carried  on  almost  exclusively  by  the  diaphragm. 

At  a  variable  period  after  birtli,  n  ditference  in  tbe  tjja 
of  respiration  in  the  Bexea  begins  to  show  itscltl  In  themtte 
the  abdominal,  conjoined  with  the  inferior  costal  Irpe.iBpfr 
dominant,  and  continues  thus  through  life.  lu  thefecunletlie 
inferior  costal  type  is  insignitic^ut,  and  the  enperiorwaUl 
type  predominates.  Observers  difter  in  their  Btateuieiits4 
the  period  when  this  distinction  in  the  sexea  becomes  ajii* 
rent.  Haller  states  that  he  observed  a  difference  in  eliildioi 
less  than  a  year  old.  Beau  and  Maissiat  state  that  after  lie 
age  of  three  years  the  superior  costal  type  begins  to  be  maikri 
in  the  female.  Sibson  states  that  no  great  difference  is  ob- 
servable before  the  age  of  ten  or  twelve  years,'  Witboot 
disenssing  the  nice  question  as  to  the  exact  age  when  this 
difference  in  tbe  sexes  lii"st  makes  its  appearance,  it  may  l« 
stated  in  general  terms,  that  shortly  before  the  ago  of  pu- 
berty, in  the  female,  the  superior  costal  typo  becomes 
marked,  and  soon  predominates;  while  in  the  inal?, Rspin^ 
tion  continues  to  be  carried  on  mainly  by  the  diaphragm  anil 
lower  part  of  the  chest. 

Tbe  cause  of  the  excessive  movements  of  the  upper 
of  the  chest  in  the  female  has  been  the  subject  of  con^denUa 
discussion.  It  is  evident  that  it  is  not  due  to  the  mode 
dress  now  so  general  in  civilized  countries,  which  confities  tb( 
lower  part  of  the  chest,  and  would  render  movements  of  ex; 
pansion  somewhiit  difficult,  for  tbe  same  pbonomeuoD  is 
served  in  young  girls,  and  others  who  bavo  never  made 
of  such  appliances.  But  there  is  evidently  a  physiuIogicM 
condition,  the  enlargement  of  tbe  uterus  in  gestation,  wl "  ' 
at  certain  times  would  nearly  arrest  all  reepiratory 
mejits,  excepting  those  of  tbe  upper  part  of  the  chcsL  I 
peculiar  mode  of  resjiiration  in  the  female  is  a  provijioD 
Nature  against  the  mechanical  dittictilties  which  would  otb 


'  LosQui,  Train  dr  PhytiuUgie,  pjria,  1 
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wise  follow  tlie  physiological  enlargement  of  the  uterus.  In 
pathology  it  is  observed  that,  in  consequence  of  tins  peculiar- 
ity, females  are  able  to  carry,  without  great  inconvenience, 
immense  quantities  of  water  in  the  abdominal  cavity ;  while 
a  much  smaller  quantity,  in  the  male,  produces  great  distress 
from  diflSculty  of  breathing.* 

Frequenoy  of  the  Respiratory  Movements. — In  counting 
the  respiratory  acts,  it  is  desirable  that  the  subject  be  uncon- 
scious of  the  observation,  otherwise  their  normal  character  is 
apt  to  be  disturbed.  Of  all  who  liavo  written  on  this  sub- 
ject, Hutchinson  presents  the  most  numerous  and  convincing 
collection  of  fects.  This  observer  ascertained  the  number  of 
respiratory  acts  per  minute,  in  tlie  sitting  posture,  in  1,897 
males.  The  results  of  his  observations,  with  reference  to  fre- 
quency, are  given  in  the  following  table:' 

Seqtintloiu  per  mlnata.                                                                Nambcr  of  cases. 
From  9  to  16 79 

16  239 

17  105 

18  195 

19  T4 

20  501 

21  129 

22  *. 143 

23  42 

24  243 

24  to  40 87 

Though  this  table  shows  considerable  variation  in  differ- 
ent individuals,  the  great  majority  (1,731)  breathed  from  six- 
teen to  twenty-four  times  per  minute.  Nearly  a  third 
breathed  twenty  times  per  minute,  a  number  which  may  be 
taken  as  the  average. 

>  Modifications  of  tho  t^pcs  of  respiration  by  disease  arc  frequently  Tery 
marked.  In  peritonitis,  when  movements  of  the  diaphragm  would  be  productive 
of  excessive  pain,  the  abdominal  type  may  be  wholly  suppressed.  In  the  early 
stages  of  acute  pleuri.<y,  the  aOccted  side  may  become  nearly  or  quite  motionless 

■  Cydopcedia  of  Anatomy  and  Physiology^  vol.  iv.,  part  ii.,  p.  1085. 
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The  relations  of  the  respiratorj'  acts  to  tlie  pulse  are  ([uhe 
constant  in  health.  It  has  been  shon-n  by  Hutchinson  that 
the  proportion  in  the  great  raojority  of  instances  is  one  i*- 
spiratorj  act  to  every  ibur  pulsations  of  the  heart.  The  same 
proportion  generally  obtaina  when  the  pulse  is  accelerated  in 
disease,  except  when  the  pulmouary  organs  are  involved. 

Age  has  an  influence  on  the  frequency  of  the  respiratorr 
acts,  con-esponding  with  what  we  have  already  noted  with 
regard  to  the  pulaatious  of  the  heart. 

Quetelet  gives  the  following  as  the  results  of  observation 
on  300  males : 

44  respirations  per  minute  soon  after  birth  ; 

26,  at  the  age  of  five  years  ; 

20,  at  the  age  of  fifteen  to  twenty  years ; 

19,  at  the  age  of  twenty  to  twenty-five  years ; 

18,  about  the  thirtieth  year ; 

18,  from  thirty  to  fifty  years. 

The  influence  of  sex  is  not  marked  in  veiy  young  cliil- 
dreu.  The  same  observer  noted  no  difi'erence  between  mal^ 
and  tlimaica  at  birth ;  bnt  in  yoang  women  the  respiraiticRa 
are  a  little  lesa  fi^^uent  than  in  yoang  men  of  tiie  same 
age.' 

Tiie  viirinus  pliysiulofiical  coiuiitions  wliich  have  been 
noted  as  aflc-cling  the  pulse  have  a  corrcjiponding  iufluem-e 
on  respiratiou.  In  sleep  tlie  number  of  respiratory  acts  is 
diminislied  about  twenty  per  cent  (Quetelet).  iludcular  tl- 
Ibrt  accelerates  the  rc'\>'\r nt'iun  j7u/-i  ji'insu  with  the  iiiove- 
inents  of  the  heart. 

lielations  of  Innpiniiion  and  Krpinition  to  each  other. — 
The  liespifutorij  fiounds, — ^In  ordinary  respiration,  inspira- 
tion is  produced  by  the  action  of  nmscles,  and  expiration,  in 
greatest  piu't,  by  tlie  passive  reaction  of  the  olastic  walls  of 
the  tliorax  and  the  lungs.  The  inspiratory  and  cxpiratorv 
acts  do  imt  immediately  foUnw  each  other,     Cominencin" 

'  MlI-NE-ElinAMBi,  Z<foiM  dt  J'hytU.U-:i!<;  tomi.'  ii.,  J>li.  4S2,  483. 
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with  inspiration,  it  is  found  that  this  act  maintains  about  the 
Baine  intensity  from  its  corameneenient  to  its  termination; 
there  is  then  a  very  brief  interval,  ivhen  expiration  follows, 
which  has  its  masioium  of  intensity  at  the  commencement 
of  the  act,  and  gradually  dies  away.'  Between  the  atts  of  ex- 
pirutiou  and  inspiration  is  an  interval,  somewhat  longer  than 
that  whieh  occurs  after  inspiration. 

The  duration  of  expiration  is  generally  somewhat  greater 
than  that  of  inspiration,  though  they  may  be  nearly,  or  in 
some  instances  quite,  equal, 

After  from  live  to  eight  ordinary  respiratory  acta,  one 
generally  occurs  which  is  rather  more  protbund  than  the  rest, 
and  by  wliich  the  air  in  the  lungs  is  more  effectaally  changed. 
The  temporary  arrest  of  the  acts  of  respiration  in  all  violent 
moscular  efforts,  in  straining,  in  parturition,  etc.,  is  familiar 
toalh 

Ordinarily  respiration  is  not  accompanied  by  any  sound 
wliich  can  be  heard  without  applying  the  ear  directly,  or  by 
the  intervention  of  a  stethoscoiie,  to  the  respiratory  organs ; 
excepting  when  the  mouth  ia  closed,  and  breathing  is  carried 
on  exclusively  tlirough  the  nasal  passages,  when  a  soft, 
breezy  murmur  accompanies  both  acts.  If  the  month  be 
sufficiently  opened  to  admit  the  free  passage  of  air,  no  sound 
is  to  be  hoard  in  health.  In  sleep,  the  respirations  are  nn- 
usnally  profound ;  and  if  tho  mouth  be  closed,  the  sound  is 
rather  more  intense  than  usual. 

Snoniuf,  a  peculiar  sound,  more  or  less  marked,  which 
Bomelimo^  accompanies  the  respiratory  acts  during  sleep,  oc- 
ears  when  tlie  air  posses  through  both  the  mouth  and  the 
nose.  It  is  more  marked  in  inspiration,  sometimes  accom- 
panying both  ads,  and  sometimes  not  heard  in  expiration. 
It  is  not  necessary  to  describe  the  characters  of  a  sound  so 

'  In  lislunliig  lo  the  n«piratur}'  murmur  over  the  substnnco  of  the  luoga,  tlie 
fiKpintorj  foUows  iLc  iiupintor;  louiid  without  an  inteiTBl  (sec  p.  SVS).  The 
interval  lietccea  the  acts  uf  inspiratioa  and  ixpiralian  b  out;  spprccintcd  aa  llie 
air  poKcf  in  and  out  at  tLu  moiitU. 
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familiar.  SiioriDg  is  an  idiosiiicni&j  vitli  miiD^  iudiiidiia]!, 
thougli  those  wLo  do  not  snore  habitually  omy  do  eo  wbra 
the  system  is  mingiiallj  exhaitsted  and  reluxed.  It  obK  ix- 
curs  when  the  month  is  open,  and  the  sound  is  produced  In 
a  vibration,  and  Eort  of  flapping,  of  the  Yelam  pendulum  pt 
lat!  between  the  two  currents  of  air  from  tlie  mootli  uinj 
nose,  together  with  a  ribration  in  the  eoloran  of  air  ileclt 

The  auscultatory  phenomena  which  accompany  tlie  artfif 
respiration  have  been  made  the  subject  of  epocifd  experinitai- 
tal  observations  by  Dr.  Flint,  who,  from  carefully  recorded 
examinations  of  a  large  number  of  healthy  persons,  bus  a- 
rived  at  the  following  conclusions: ' 

Applying  the  stethoscope  over  the  larynx  or  tnKJ)ea,t 
sound  is  heard,  of  a  distinctly  and  purely  tnbalor  character, 
accompanying  both  acts  of  respiration.  In  juepiration,  "it 
attains  its  masimnm  of  intensity  quickly  after  the  dcveli>p- 
meiit  of  the  sound,  and  maintains  the  same  intensity  lo  tlte 
ela*e  of  the  act,  when  the  sound  abruptly  ends,  aa  if  soddcm- 
ly  cut  off."  Afler  a  brief  interval,  the  sound  of  oxpirstiiiii 
follows.  This  is  also  tubular  in  quahty ;  it  soon  attains  iU 
maximum  of  intensity,  but,  unlike  the  sound  of  insptnit»a, 
gradually  dies  away  and  is  lost  imperceptibly.  It  id  sen 
that  these  phenomena  correspond  with  the  nature  of  the  tvo 
acts  of  respiration. 

Sounds  approximating  in  character  to  the  foregoing  tn 
heard  over  tlie  bronchial  tubes  before  th^  penetrate  die 
lungs. 

Over  (he  substance  of  the  lungs,  a  Bound  may  be  Ii 
entirely  diQerent  in  it^  character  from  that  heard  over  tlu 
larynx,  trachea,  or  bronchial  tubes.  In  inspiration,  the  fiottni 
is  much  less  intense  than  over  the  trachea,  and  has  a  breczyi 
expansive,  or  what  is  called  in  auscultation  a  vetiouUir  cba^ 
actcr.    It  is  much  lower  in  pitch  than  the  tracheal  sound.  It 

'  FU!CT,  Pfiyiieid  ^rptoration  and  Itiaffnoiit  "/  Dittua  tfffttinff  dW  M 
raiery  Orjuni,  Philadelphis,  1886,  p.  la?  cf  b^.     Wegrte  but  abikf  •« 

of  tlicae  resulta,  which  we  sp«i»II»  ipplimi  to  noscultWion  iu  dueub 
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K>Dtiniioa)4,  and  rather  increases  in  intensity  from  it3  com- 
tnencenient  to  its  termination ;  ending  abruptly,  like  the 
tracheul  inspiratory  sound.  The  sonnd  is  produced  in  part 
by  the  movement  of  nir  in  the  Bmall  bronchial  tubes,  but 
chiefly  by  tlie  expansion  of  the  innumerable  air-cells  of  the 
lungs.  It  is  followed,  without  au  interval,  by  the  sound  of 
expiration,  which  is  shorter,  one-Hfth  to  one-fourth  as  long, 
lower  in  pitch,  and  very  much  less  intense.  A  sound  is  not 
iilways  heard  in  espiration.  la  Jifteen  examinations  record- 
ed by  Dr.  Flint,  five  presented  no  expiratory  sound. 

The  variations  in  tiie  intensity  of  the  respiratory  sonnds 
in  diflcTont  individuals  are  very  considerable.  As  a  rule 
they  are  more  intense  in  young  persons;  which  has  given 
rise  to  the  term  j>Jierile  respiration,  -when  the  Bonnds  arc 
exaggerated  in  parts  of  the  lung,  in  certain  cases  of  disease. 
The  sounds  are  generally  moro  intense  in  female9  than  in 
males,  particularly  in  the  upper  regions  of  the  thorax. 

It  is  difficult  by  any  description  or  comparison  to  convey 
an  accurate  idea  of  the  character  of  the  sounds  heard  over 
the  lungs  and  air-paesages :  and  it  is  supertiuous  to  make  the 
attempt,  when  they  can  be  so  easily  studied  in  the  living 
subject. 

Coughing,  Sneezing,  Sighing,  Tavming,  Lavghing,  Sobbing, 
and  Iliccough, 

These  peculiar  acts  demand  a  few  words  of  explanation. 

Coughing  and  sneezing  are  generally  involuntary  acts, 
produced  by  irritation  in  the  air-tubes  or  nasal  passages; 
UiOQgh  cough  is  often  Toluntary.  In  both  of  tliese  acts  there 
ia  first  a  deep  inspiration,  followed  by  convnlsive  action  of 
the  expiratory  mnscles,  by  which  the  air  ia  violently  expelled 
witli  a  characteristic  sound,  in  the  oue  case  by  the  mouth, 
and  in  the  other  by  the  mouth  and  nares.  Foreign  bodies 
lodged  iu  the  air-passages  are  frequently  expelled  in  violent 
iits  of  coughing.     In  hyjiereecretion  of  the  bronchial  mneoue 
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incmbr&Qe,  the  accamulated  mucus  is  carried  br  the  k1 
ot'  cotigliiug  either  to  tlie  inoatfa,  or  well  into  the  krnix, 
whence  it  is  ex^tellod  by  the  act  of  expectorstion.  AVben 
either  of  these  acts  is  the  result  of  irritation,  either  from  i 
foreign  substance  or  secretions,  it  may  be  modified  or  paitty 
smothered  by  the  will,  but  is  not  completely  nnJer  control 
The  esi^iiisite  eensibility  of  the  roucoua  membrane  it 
the  Eunitnit  of  the  air-paaeages,  under  most  circTunBUncw, 
protects  them  from  the  entrance  of  foreign  matter,  brth 
liquid  and  solid ;  for  the  sligbte&t  impreasion  received  by  the 
membrane  gives  rise  to  a  violent  and  involnntary  coagli,  I7 
which  the  olfending  matter  is  removed.  The  glottis  is  sIm 
spagmo<^licalIy  closed. 

In  sighing,  a  prolonged  and  deep  inspiration  is  foUond 
by  a  rapid  and  generally  audible  expiration.  Tliia  occurs,  m 
a  general  rule,  once  in  every  five  to  eight  respiratoiy  ncU^ 
for  the  purpose  of  changing  the  air  in  the  longs  morcvoio- 
pletely,  and  is  due  to  an  exa^eration  of  the  cause  yriacb 
gives  rise  to  the  ordinary  acts  of  respiration.  Wlien  due 
to  depressing  emotions,  it  has  the  same  cause ;  for  at  encli 
times,  respiration  is  less  elfeetanlly  performed.  Timiiig 
is  an  analogous  process,  but  differs  trom  sighing  fai  the 
fact  that  it  is  involuntary,  and  cannot  be  produced  bria 
effort  of  the  will.  It  is  cbamcterized  by  a  wide  opening  of 
tlie  mouth,  and  a  very  profound  inspiration.  Tawning  a 
generally  assumed  to  be  an  evidence  of  fatigue,  but  it  ofttB 
occurs  from  a  sort  of  contagion.  "When  not  the  n«alt  at 
imitution,  it  has  the  same  exciting  cause  aa  sighing,  viz.,  Ae& 
cient  osygenatioQ  of  the  blood,  and  is  followed  by  a  sense  «f 
satisfaction,  which  shows  that  it  meets  some  decided  want  oa 
the  part  of  the  system. 

Laughing  and  sobbing,  though  expressing  opposite  copd^ 
tioiiB,  are  produced  by  verj'  much  the  same  mechanism. 
The  eharacteriatic  sounds  accompanying  these  acts  are  the 
result  of  short,  rapid,  and  convulsive  movements  of  the  dia- 
phragm, accompanied  by  contractions  of  the  muscles  of  t^ 
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fkoe,  which  prorlnec  the  expressions  (iharacteristic  of  lularity 
or  grief. .  Though  to  a  certain  extent  under  the  control  of 
the  will,  tliey  are  mostly  involuntary.  Violent  and  convul- 
Btve  langhtcr  may  be  excited  in  many  individuals  by  titilla- 
tion  of  certain  portions  of  the  surface  of  the  body.  Lauj;;h- 
ter  and  sometimes  sobbing,  like  yawning,  may  be  the  result 
of  involuntary  ioitation. 

Hiccough  is  a  peculiar  modification  of  the  act  of  inspira- 
tion, to  which  it  is  exclusively  confined.  It  ia  produced  by 
B  sudden,  convulsive,  and  entirely  involuntary  contraction  of 
the  diaphragm,  accompaTiied  by  a  spasmodic  constriction  of 
the  glottis.  Tbe  contraction  of  the  diaphragm  is  more  exton- 
Bive  than  in  laughing  and  sobbing,  and  occurs  only  once  in 
four  or  tive  respiratory  acts.  The  causes  which  give  rise  to 
hiccough  are  numerous,  and  many  of  them  are  referable  to 
the  digestive  system.  Among  tliese  may  be  mentioned  tJie 
rapid  ingestion  of  a  quantity  of  dry  food,  or  of  efferveseing  or 
alcoholic  dnnke.     It  occurs  frequently  in  cases  of  disease. 


Capacity  of  the  Lungs,  and  the  QuantiUj  of  Air  diawjed  in 
ike  Respiratory  Acta. 

Several  jioints  of  considerable  physiological  interest  arise 
in  this  connection.  It  is  evident  from  tbe  simple  experiment 
of  opening  the  chest,  when  the  elastic  lungs  collapse  and  ex- 
pel a  certain  quantity  of  air  which  cannot  be  removed  while 
the  lungs  are  in  situ,  that  a  part  of  the  gaseous  contents  of 
these  organs  necessarily  remains  atk;r  tlie  most  complete  and 
forcible  espiration.  After  an  ordinary  expiration,  tliere  is  a 
certain  quantity  of  air  in  the  lungs  which  can  be  expelled  by 
a  forced  expiration.  In  ordinary  respiration,  a  comparatively 
small  volume  of  air  is  introduced  with  inspiration,  which  ia 
expelled  by  tbe  succeeding  expiration.'    By  the  extrema  action 

'  EtpcrirumU  hare  shonn  Iliat  a  ciTtiiiii  votumc  oT  air  is  lost  in  tlie  longs, 
the  eiiinred  air  bdng  a  liule  loss  in  volume  than  tbt  qmotiiy  in^pirwl  (froM  -^ 
to  jl-A    lUid  U  not  tukcD  into  acgouQt  in 
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of  all  the  iiLipiratory  inusclea  in  a  forced  inspiratioii,  ssnp- 
elemental  quantity  of  air  may  be  iotrodnced  into  the  Inngs, 
wliicli  then  contain  much  more  tliaa  thej  erer  do  in  ordi- 
narj-  respiration.  For  convenience,  many  physiologists  hare 
adopted  the  following  names,  wliieh  are  applied  u>  ihfse 
various  volumes  of  air : 

1.  JiesldueU  Air ;  that  which  is  not,  and  cannot  he,ei- 
pelled  by  a  forced  expiration. 

S.  Jieserci  Air;  that  which  remains  after  an  ordinaty 
expiration,  dedncting  the  residual  air. 

3.  Tidal,  or  ordtnar>/  Breathing  Air;  that  which  Jl 
changed  by  the  ordinary  acts  of  inspiration  and  expirtUoo. 

4.  C'ompUmenial- Air ;  the  excess  over  the  ordinafy 
breathing  air,  which  may  be  introduced  by  a  forcible  inspi- 
ratiou. 

The  questions  relating  to  the  above  divisions  of  the  re- 
spired air  have  been  made  the  subject  of  numerous  iuveetiga- 
tious  -f  but  though  at  iirst  it  miglit  seem  easy  to  determine  all 
of  them  by  a  sulBcient  nnmber  of  experimeuls,  the  neccHfiary 
abservatiwns  are  attended  with  considerable  difficulty,  and  the 
iiourccs  of  error  are  uumerona.  In  measuring  the  air  changed 
in  ordinary  broatliing,  it  has  been  found  that  tlie  acts  of  res- 
piration are  so  ensily  iuHueneed  liy  the  mind,  imd  it  is  so 
difficult  to  experiment  on  any  individual  witliout  his  knowl- 
edge, that  tho  results  of  many  good  ohservors  .ire  not  to  be 
relied  upon.  This  is  one  of  the  moat  important  of  the  qocfr 
tions  under  consideration.  The  difficulties  in  the  way  of 
ostiuiating  with  accuracy  the  residual,  reserve,  or  coraple- 
mental  volumes,  will  readily  suggest  themselves.  The  ob- 
servations on  these  points,  which  may  be  taken  as  the  mott 
definite  and  exact,  are  those  of  Uerhst  of  Gottingcu,  and 
Ilutchiueou  uf  England.'     Those  of  the  last-named  obeefTcr 
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are  exceeding);  elaborate,  and  were  made  on  aii  immense 
number  ofaubjeits  of  botli  sexes,  and  of  all  ages  and  occupa- 
tions. They  are  generally  accepted  by  pbysiologists  as  the 
most  extended  and  accurate. 

Seaiilual  Air. — Perhaps  there  is  not  one  of  the  questions 
ttmler  consideration  more  difficult  to  answer  definitely  than 
that  of  the  quantity  of  air  which  remains  in  the  longs  after  a 
forced  expiration ;  but  fortunately  it  is  not  one  of  any  great 
practical  importance.  The  residual  air  remains  in  the  lungs 
88  a  ph^-sical  necessity.  The  lungs  are  always,  in  health,  in 
contact  with  tlie  walls  of  the  thorax ;  and  when  this  ca%'ity 
is  reduced  to  its  smallest  dimensions,  it  is  impossible  that 
any  more  air  should  be  expelled.  The  volume  ^bich  thus 
remains  has  been  variously  estimated  at  from  iO  cubic  inches 
(Fontana)  to  220  cubic  inches  (Jurin).  Dr.  Ilutchinson,  who 
has  carefully  considered  this  point,  estimates  the  rceidual 
volume  at  about  100  cubic  inches,  but  states  tbat  it  varies 
very  considerably  in  diflerent  individuals.  Taking  every 
tiling  into  consideration,  we  may  aasume  this  estimate  to  be 
80  neaj-ly  correct  as  any.  It  is  certain  that  the  lungs  of  a 
man  of  ordinary  size,  at  their  minimum  of  distentiou,  contain 
more  thau  40  cubic  inches  of  air;  and  from  me:isurcments 
of  the  CHpacity  of  tiie  thomx,  deducting  the  estimated  space 
occupied  by  the  heart  and  vessels  and  the  parenchyma  of 
the  luogs,  it  is  shown  that  the  residual  air  cannot  iiinount  to 
any  thing  like  200  cubic  inches.' 

There  is  no  special  division  of  Uie  function  of  res- 
piration connected  with  the  residaal  air.  It  remains  in 
tlie  lungs  mei-ely  as  a  physical  necessity,  and  its  volume 
must  not  be  taken  into  acconnt  in  coni^idc-ring  the  volumes 

inMatTO  cuBUiiacd  in  alcito  b  tlie  Cydopadxa  of  Anatomy  and  rhi/tiotos!/,-Tii\. 
\r„  part  1,  iirtlcle  Thorax. 

*  UulcliIusoD  fouQtl  Ibo  laeui  ubsoluM  capacity  of  Ihe  thorui  to  be  SIS  cabia 
laobWi    lli:  aJloiTH  100  cubic  inclies  for  Uie  lieort  and  blciod-veaBeli,  ami  100  lor 
(he  parciiv'iTnia  of  Ibc  lungs,  IcUTiug  abuut  100  for  the  r^isidiul  toIuuic      Op.  at, 
1CS7. 
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which  are  changed  in  any  of  the  operations  oonnected  widi 
breathing. 

Reserve  Air. — This  name  is  appropriately  given  to  the 
volume  of  air  which  may  be  expelled  and  changed  by  a  vol- 
untary effort,  but  which  remains  in  the  longs,  added  to  the 
residual  air,  after  an  ordinaiy  act  of  expiration.  It  may  be 
estimated,  without  any  reference  to  the  residual  air,  by  ftr- 
cibly  expelling  air  from  the  lungs,  after  an  ordinary  expin- 
tioii.     The  average  volume  is  100  cubic  inches.' 

The  reserve  air  is  changed  whenever  we  experience  a 
necessity  for  a  more  complete  renovation  of  the  contents  of 
the  lungs  than  ordinary.  It  is  encroached  upon  in  the  udq- 
sually  profound  inspiration  and  expiration  which  occur  evwy 
five  or  six  acts.  It  is  used  in  certain  prolonged  vocal  efforts, 
in  blowing,  etc. 

Added  to  the  residual  air,  it  constitutes  the  minimum 
capacity  of  the  lungs  in  orSinary  respiration.  As  it  is  con- 
tinually receiving  watery  vapor  and  carbonic  acid,  it  is  alwav? 
more  or  less  vitiated ;  and  when  reeiiforced  by  the  breathing 
air,  which  enters  with  inspiration,  is  continually  in  circulation, 
in  obedience  to  the  law  of  the  diffusion  of  gases.  Those  who 
are  in  the  habit  of  arresting  respiration  for  a  time,  as  the 
pearl-diver,  learn  to  change  the  reserve  air  as  completely  as 
possible  by  several  forcible  acts,  and  then  fill  the  lungs  with 
fresh  air.  In  this  way  they  are  enabled  to  suspend  the  re- 
spiratory acts  for  from  one  to  two  minutes  without  inconven- 
ience. The  introduction  of  the  fresh  air  with  each  inspira- 
tion, and  the  constant  diffusion  which  is  going  on,  and  by 
which  the  proper  quantity  of  oxygen  finds  its  way  to  the  air- 
cells,  gives,  in  ordinary  breathing,  a  composition  to  the  air 
in  the  deepest  portions  of  the  lungs  which  insures  a  constant 
aeration  of  the  blood.  The  slight  difference  in  the  rapidity 
of  oxidation  between  inspiration  and  expiration  is  only  suffi- 
cient to  give  rise  to  the  involuntary  reflex  acts  of  respiration, 

*  HcTcniNsos,  loc,  ciL 
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and  13  not  sufficieiitiy  marked  to  isroduce  any  sensation,  sticli 
as  is  experienced  when  respiration  is  in  tlie  slightest  degree 
interrupted. 

Tidal,  or  GrdtnaTy  SreatJiing  Air, — Tlie  volume  of 
air  which  is  changed  in  the  ordinary  acts  of  reapirntion  is 
BObject  to  immense  physiological  rariationa,  and  the  refipira- 
torjf  movements,  as  regards  intensity,  are  so  easily  influenced 
by  the  mind,  that  great  care  is  necessary  to  avoid  error  in 
ostimatiog  the  volume  of  ordinary  breathing  air.  The  esti- 
mates of  Herbat  and  of  Hutchinson  are  the  resiilta  of  very 
extended  observations  made  with  great  care,  and  are  genei^ 
ally  acknowledged  to  be  as  nearly  accurate  as  possible.  As 
a  mean  of  these  observations,  it  has  been  found  that  the 
average  volume  of  breatliing  air,  in  a  man  of  ordinary  stat- 
ure, is  20  cnbic  indies.  According  to  Hutchinson,  in  perfect 
repose,  when  the  respiratory  movements  are  hardly  percep- 
tible, not  more  than  from  7  to  12  cubic  inches  are  changed ; 
while,  under  excitement,  he  has  seen  the  volume  iiici-eaaed  to 
77  cubic  inches.  Of  course  the  latter  iB  temporarj-.'  IlerbsL 
noted  that  the  breathing  volume  is  constantly  increased  ia 
proportion  to  the  stature  of  the  individual,  and  bears  no  defi- 
nite relation  to  the  apparent  capacity  of  the  chest. 

CumpUmental  Air. — The  thorax  may  be  so  enlarged  by 
an  extreme  voluntary  inspiratory  effort,  as  to  contain  a  quan- 
tity of  air  much  larger  tlian  after  an  ordinary  inspiration. 
The  additional  volume  of  air  tints  taken  in  may  be  estimated 
by  measuring  all  the  air  which  can  be  expelled  from  the 
]ung3  atler  the  most  profound  inspiration,  and  deducting  the 
enm  of  the  reserve  air  and  breathing  air.  This  (laantity  has 
been  found  by  Hutchinson  to  vary  in  difleront  individuals, 
bearing  a  close  rclatiou  to  statare.  The  mean  compiemental 
volume  ia  HO  cubic  inches. 

Tlie  compiemental  air  ia  drawn  upon  whenever  an  effort 
'We  have  not  thought  it  worth  vhUc  to  enumerBtc  theTaned  estimaieB  foand 
in  worlu  on  pbTEJolog;,  which  are  not  biued  on  citeaded  etporiiiieiital  ioqiuij 
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is  made  which  requires  a  temporary  arrest  of  re^piratioiL 
Brief  and  violent  muscular  exertion  is  generally  preceded  by 
a  profound  inspiration.  In  sleep,  as  the  volume  of  breathing 
air  is  somewhat  increased,  the  complemcntal  air  is  encroached 
upon.  A  part  or  the  whole  of  the  complemcntal  air  is  also 
used  in  certain  vocal  efforts,  in  blowing,  in  yawning,  in  the 
deep  inspiration  which  precedes  sneezing,  in  straining,  etc 

Summary, — In  a  healthy  male  of  medium  stature,  the 
residual  air^  which  cannot  he  expelled  from  the  lungs, 
amounts  to  about  100  cubic  inches. 

The  reserve  air^  which  can  bo  expelled,  but  which  is  not 
changed  in  ordinary  respiration,  amounts  to  about  100  cubic 
inches. 

Tiic  tidal  airy  which  is  changed  in  ordinary  respiration, 
amounts  to  about  20  cubic  inches. 

The  complemental  air^  which  may  be  taken  into  the 
lungs  after  the  completion  of  an  ordinary  act  of  inspiration, 
amounts  to  about  110  cubic  inches.'* 

'  la  Robin's  Journal  de  VAnatomie  et  de  la  Phynoloffie^Sept.  1864,  p.  523 
et  seq.,  wc  find  on  article  by  Dr.  Nestor  Gr6bant,  on  the  physical  phenomena 
of  rospir.ition  in  man,  which  contains  some  novel  and  interesting  obseirations  on 
the  capacity  of  the  lungs,  volume  of  breathing  air,  etc.  The  volumes  of  air  are 
estimated  by  a  process  which  is  exceedingly  ingenious,  and  apparently  accurate ; 
but  the  number  of  observations  is  very  small  compared  with  those  of  Hotchin^on, 
and  in  estimating  the  capacity  of  tlie  lungs,  he  does  not  take  into  consideration 
the  very  decided  influence  of  stature.  The  method  employed  is  essentially  the 
following : 

It  having  been  demonstrated  by  Regnault  and  Reiset  that  hydrogen  intro* 
duccd  into  the  lungs  is  not  absorbed  by  the  blood,  the  author,  taking  adrantage 
of  the  well-known  property  of  gases,  by  which  they  form  a  uniform  mixture  when 
brought  in  contact  with  each  otlier,  caused  the  subjects  of  his  experiments  to  r» 
t>piro  a  measured  volume  of  hydrogen  oflen  enough' to  make  the  mixture  unifonn, 
and  estimates,  by  analysis  of  the  expired  air,-  the  quantity  which  remains  in  the 
lungs,  which  is  necessarily  represented  by  the  volume  of  hydrogen  lost.  He  as- 
certained by  exi»criments  that  five  respirations  of  the  gas  caused  a  perfect 
mixture. 

Ijy  this  method  he  e.-timates  the  nonnal  capacity  of  the  lungs  after  an  onh- 
cary  expiration  (the  sum  of  the  residual  and  reserve  air),  at  from  133*65  to  191*51 
cubic  inches,  in  men  between  17  and  30  years  of  age  (p.  65-4). 
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Eetreme  ^rfathing  Capacity. — By  the  extreme  breathing 
capacity  is  meant  tho  volume  of  air  whicli  can  be  expelled 
from  the  longs  by  the  most  furcible  expiration,  nfter  llie  most 
profound  inepiratioD.  This  has  been  called  by  Dr.  Iliilchin- 
Bon  the  vital  capacity,  as  signifying  "tlie  volume  of  air 
whicli  can  be  displaced  by  living  movements."  Its  voluma 
is  etjQal  to  the  sum  of  the  reserve  air,  the  breathing  air,  and 
the  complemental  air,  and  represents  the  extreme  capacity 
of  the  diest,  <leducting  the  residual  air.  Its  physiological 
ifitereat  is  due  to  the  fact  that  it  can  readily  be  determined 
by  an  appropriate  ap]>aratuB,  the  spirometer,"  and  compari- 
sons can  thus  be  made  between  ditferent  individuals,  both 
bealthy  and  diseased.  The  number  of  observations  on  this 
point  made  by  Dr.  Hutcliinson  is  enormous,  amonuting  in 
all  to  liille  short  oi  Jim  thousand. 

The  extreme  breathing  capacity  iu  health  is  subject  to 
variations  which  have  been  shown  to  bear, a  very  close  rela- 
tion to  tbe  stature  of  tho  individual.  Hutchinson  com- 
mences with  the  proposition  thcU  in  a  nmn  of  medium  height 
(5  fi-et  S  inches),  it  is  equal  to  tico  hundred  and  tliirt'j  cvhio 
inches.  He  has  shown  that  the  extreme  breathing  capacity 
is  constant  in  the  same  individual,  .'md  that  it  is  not  to  be 
increased  by  habit  or  practice. 

The  most  striking  result  of  tbe  experiments  of  Dr. 
Hutchinson,  with  regard  to  tho  moditicationB  of  the  vital  ca- 

The  tiilal  or  brcatbing  air,  he  estimatej  nt  30  cubic  iochi^ 
The  otecrvMbns  of  Dr.  Grihunt  uro  as  yet  bo  fi-w  in  number  tb«  we  prefer 
to  adhere  to  Ibe  results  of  tbo  gicatl;  eitendcd  obtcrvationa  ot  Uutrbliuou; 
though  tho  new  methoil  b  Tcr;  ingcnioua,  and  further  cipcrimcnia  vill  pmbibl]' 
Irad  10  imporUDt  retulli. 

'  The  spirometer  conaials  of  a  TBMel  containing  water,  out  of  which  a  rtctiver 
it  rviscd  bj  breathing  into  it  lhniu;;h  a  lube ;  tbe  bright  to  which  the  rcceivcT  ■> 
mUcd  indlcAllng  the  Tolune  of  the  vital  ix.^adtj  (Cydop.  of  AnaL  and  Phj/i,, 
lOl  iv.,  part  2,  p.  lOeS).  In  all  tbe  oblcrraliona  of  Dr.  Uutchinsoti,  he  bo*  tjijilen 
c»re  to  «ee  tb«t  the  level  of  tbe  water  wm  the  some  in  tbe  receiver  ind  tbe  reMr> 
Toir,  and  lo  carofull;  rorreet  the  volumes  of  air  for  lempcrature.  All  obaerr*- 
tiims  were  made  with  the  eubjeot  erect,  and  otcf;  thing  carefullj  avradeil  which 
could  intcffp.o  with  ihc  free  action  of  the  rc*piratorr  muBclei. 
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pacitj,  is  that  it  bears  a  definite  relation  to  stature,  without 
being  affected  in  a  very  marked  d^ree  by  weight,  or  the 
circumference  of  the  chest.  This  is  especially  remarkable,  as 
it  is  well  known  that  height  does  not  depend  so  mnch  upon 
the  length  of  the  body,  as  the  length  of  the  lower  extremities. 

It  has  been  ascertained  that  for  every  inch  in  height^  k* 
ticeen  Jive  and  six  feetj  the  extreme  breathing  capacity  is  tR- 
creased  eight  cubic  inches. 

The  following  table  shows  the  mean  results  of  the  im- 
mense number  of  observations  on  which  this  conclusion  is 
based:  * 


Progression  of  the  Vital  Capacity  Volume  with  the  Stature, 
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214-0 
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214-0    ■ 
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Age  has  an  influence,  though  less  marked  than  stature, 
npon  the  extreme  breathing  capacity.    As  the  result  of  4,800 

'  Op,  cit.^  p.  1072.  The  increase  in  breathing  capsdtr,  pari  pattu  with  u 
increase  in  height,  was  mentioned  by  Herbst  (/oe.  eii.)j  but  Hutchioson  was  the 
first  to  make  any  extended  obsenrations,  and  gire  any  definite  informatioii  oc 

this  point. 


observntiona  (maleg),  it  was  ascertained  tliat  the  Toliiiue  In- 
creases witli  age  np  to  the  tliirtielJi  year,  and  progressively 
decreases,  with  tolerable  regularity,  from  the  thirtietli  to  tlie 
Bixtietli  year, 

Tliese  figures,  tbougli  necessarily  subject  to  certain  iudi- 
ridnal  rariatione,  may  l)0  taken  as  the  bneis  for  examinations 
of  tlie  extreme  breathing  capacity  in  disease,  which  frequently 
jpve  important  information.  Of  course,  the  breathing  capa^ 
city  is  modified  by  any  abnormal  condition  which  interferes 
with  the  mobility  of  the  thorax,  or  the  dilatability  of  the 
Inngs.  Of  all  diseased  conditions,  phthisia  pulnionahs  is  the 
moat  iiitercstiug  in  thia  connection.  With  regard  to  the 
ftignificauce  of  the  variations  in  this  disease,  Dr,  Hutchinson 
has  arrivod  at  the  following  conclusions : 

"  It  has  been  found  that  ten  cubic  inches  below  the  due 
quantity,  ?.  e.,  220  instead  of  230  inches,  need  not  excite 
alarm ;  but  there  is  a  point  of  deficiency  in  the  breathing 
volume  at  wLieh  it  is  difficult  to  say  whetlier  it  is  merely 
one  of  those  physiological  diflercnces  dependent  on  a  certain 
irregularity  in  all  such  observatious,  or  deficiency  indicative 
of  dieeasc,  A  deficiency  of  16  per  cent,  is  suspiciouB.  A 
m&u  below  55  years  of  ngc  breathing  103  cubic  inches  instead 
of  230  cubic  inches,  unless  he  is  excessively  fat,  is  probably 
the  subject  of  disease. 

"  In  pbthiaia  pulnioualis  the  deficiency  may  amount  to 
90  per  cent.,  and  yet  life  he  maintained.  The  vital  capacity 
volnme  is  likewise  a  measm'e  of  improvement.  A  phthisical 
patient  may  improve  so  as  to  gain  iO  upon  220  cubic  inches." 

Uerbst  haa  shown '  that  the  extreme  breathing  capacity 
IB  diuiinisUed  by  obesity ;  that  it  is  proportionally  loss  in 
females  than  in  males,  and  in  children  than  in  adults. 

Jidaliuna  in  Volume  of  tAa  Ei'jiired  to  tlie  Inspired  Air. 
— A  certain  proportion  of  the  inspired  air  is  lost  in  respira- 
tion, so  that  the  air  expired  is  always  a  little  less  in  volume 

'  Lof.  eit. 
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than  that  wliicli  ia  taken  into  the  lungs.  All  tlic  oltlcrii 
jjerimenters,  except  Magendie,  were  agreed  tipon  thisp 
Tlie  loss  was  put  by  Davy  at ,%,  and  hy  Cavier  at  ^ott 
nmomitof  air  introduced.'  Observations  on  tbia  ]>otDt,  tot) 
exact,  nmat  inelnde  a  considerable  nnmber  of  rfsi'imcrl 
acts ;  and  from  the  difficulty  of  continning  reapiralion  eb  » 
perfectly  regular  and  normal  manner,  wlieo  the  ntteiition  i»4-  I 
rected  to  that  fiinction,  the  moat  accurate  results  mar  p 
ably  he  obtained  from  experiments  oa  animals.  De 
caused  eix  young  rabbits  to  rcBjnre  for  two  bonre  in  sot 
fined  space  containing  299  cubic  inches  of  air,  nnd  t 
that  the  volume  had  diiuiniBhed  61  cnbic  incbes,  or  a  li 
more  than  one-fiftieth.  We  may  take  the  spproximationsil 
Davy  and  Cuvier,  as  applied  to  the  human  subject,  ; 
correct,  and  assume  that  in  the  lungs,  from  ^  to  ^  of  d 
inspired  atr  ia  lost. 

Diffusion  of  Air  in  the  Lungs. — "When  it  ia  considtRd 
that  with  each  inspiration  but  abont  twenty  cubic  inolus  4 
fresh  air  is  iritrodneed,  sufficient  only  to  fill  the  traohea  n 
lai^er  bronchial  tubes,  it  is  evident  that  some  foroea  ntiut  u 
bj'  which  this  tresh  air  finds  its  way  into  the  air-celle,  sudd 
vitiated  air  is  brought  into  the  lai-ger  tubes,  to  be  \ 
with  the  succeeding  expiration.  The  expired  air  mav  fa 
come  so  charged  with  noxious  Rases,  by  holding  the  fa 
tor  a  few  seconds,  that  when  collected  in  a  receiver  t 
water,  it  is  incapable  of  snpporting  combustion. 

The  interchange  between  the  fresh  air  in  tlie  upper  p 
of  tlie  respiratory  apparatus  and  the  air  in  the  deeper  \ 
of  the  lungs  is  constantly  going  on,  in  obedience  to  the  « 
known  law  of  the  diffusion  of  gases,  aided  by  the  ttctiveo 
rents  or  impulses  produced  by  the  alternate  tnovemccits d 
the  chest.  When  two  gases,  or  mixtures  of  gases,  of  difien 
densities  are  brought  in  contact  with  each  other,  they  A 

c,  Pniif,  1851,  lomc  iU.,  p.  asa 
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or  mingle  witli  great  rapidity,  until,  if  undisturbed,  tliewbole 
mass  has  n  uniform  density  and  composition.  Tliis  liiis  been 
Blioirn  to  take  place  between  very  light  and  Tory  lierivy  gases 
in  opposition  to  the  laws  of  gravity,  find  even  when  two  res- 
ervoira  are  connected  by  n  small  tube  many  feet  in  length, 
though  then  it  proceeds  quite  slowly.  In  the  respiratory  ap- 
paratu.1,  at  the  termiimtioH  of  inspiration,  the  atmospheric 
air,  composed  of  a  mixture  of  oxygen  and  nitrogen,  is  intro- 
duced into  the  tubes  with  a  considerable  impetus,  and  is 
brought  into  contact  with  the  gas  in  the  lungs,  which  is 
much  heavier,  as  it  contains  a  considerable  quantity  of  car- 
bonic acid.  Diffusion  then  takes  place,  aided  by  the  elastic 
Inage,  which  are  gradually  forcing  the  gaseous  contents  out 
ot*  the  cells,  until  a  certain  portion  of  the  air  loailed  with 
carbonic  acid  linds  its  way  to  the  larger  lubes,  to  be  thrown 
off'  it)  expiration,  its  place  being  supplied  by  the  fresh  air. 

In  obedience  to  the  law  established  by  Graham,  that  tlie 
difiiiaibility  of  gases  is  inversely  proportionate  to  tlio  square 
root  of  their  densities,  the  penetration  of  atmospheric  air, 
whieh  is  the  lighter  gas,  to  the  deep  portions  of  the  lungs 
would  take  place  with  greater  rapidity  than  the  ascent  of  the 
air  chalked  with  carbonic  acid ;  so  that  SI  parts  of  carbonic 
acid  should  be  replaced  by  95  of  osj-gen.'  It  is  found,  in- 
decil,  that  the  volume  of  carbonic  acid  exhaled  is  always  less 
than  the  volume  of  oxygen  absorbed. 

This  diffusion  is  constantly  going  on,  so  that  the  air  in 
the  pulmonary  vesicles,  where  the  interchange  of  gases  with 
the  blood  takes  place,  maintains  a  pretty  uniform  composi- 
tion. The  process  of  aeration  of  the  blood,  therefore,  has 
none  of  that  intermittent  character  which  attends  the  me- 
chanical processes  of  respiration,  which  would  undoubtedly 
occur  if  the  entire  gaseous  contents  of  the  lungs  were  changed 
with  every  act. 

There  is  no  evidence  sufficiently  detinite  to  show  tliatthe 
ninscnlar  fibre*  in  the  bronchial  tubes,  which  are  of  the  im- 

'  Cgfiopuedia  of  Analomy  and  Fhyai^ogy,  vol.  'v.,  part  1,  p,  SOI 
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striped  rariety,  and  slow  and  gradual  in  their  oontractioD, 
h.ive  any  thing  to  do  with  the  diflfosion  of  gases  in  the  lungs; 
nor  is  it  probable  that  any  marked  inflnence  is  exerted  bj 
the  movements  of  the  ciliiB  which  cover  the  mncoos  mem- 
brane. 


CHAPTER  XII. 

CHAKOES  WHICH  THE  AIB  IJNDEBQ0E3  IN  RESPIRATION. 

Qenend  considerations — Disoorerj  of  carbonic  acid — ^Discovery  of  oxygen — Com- 
poBition  of  the  air— Gonsomption  of  oxygen — ^Influence  of  temperature — In- 
fluence of  sleep — ^Influence  of  an  increased  proportion  of  oxygen  in  the  atmos- 
phere— ^Temperature  of  the  expired  air — ^Exhalation  of  carbonic  add — Influeuco 
of  age — ^Influence  of  sex — ^Influence  of  digestion — ^Influence  of  diet — Influence 
of  sleep — ^Influence  of  muscular  activity — ^Influence  of  moisture  and  tem- 
perature— ^Influence  of  seasons — ^Relations  between  the  quantity  of  oxygen 
oixisumed  and  the  quantity  of  carbonic  acid  exhaled — ^Exhalation  of  watery 
Tapor— Exhalation  of  ammonia — Exhalation  of  organic  matter — Exhalation 
of  nitrogen. 

From  the  allusions  wliicli  have  already  been  made  to  the 
general  process  of  respiration,  it  is  apparent,  that  before  the 
discovery  of  the  nature  of  the  gases  which  compose  the  air 
and  those  which  are  exhaled  Irom  the  lungs,  it  was  impossible 
for  physiologists  to  have  any  correct  ideas  of  tlie  nature  of 
this  important  function.  It  is  not  surprising  that  the  ancients, 
observing  the  regular  introduction  of  air  into  the  lungs,  and 
noting  the  fact  that  the  air  is  generally  much  cooler  than  the 
body,  supposed  the  great  object  of  respiration  to  be  the  cool- 
ing of  the  blood.  It  is  also  evident  that  no  definite  knowl- 
edge of  any  of  the  processes  of  respiration  could  exist  prior 
to  the  discovery  of  the  circulation  of  the  blood. 

Though  it  is  foreign  to  our  purpose  to  treat  historically 
of  the  theories  concerning  any  of  the  functions  of  the  body, 
the  facts  relating  to  changes  in  the  respired  air,  which  from 
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time  to  time  have  been  developed,  bear  so  close  a  relation  to 
discoveries  of  the  properties  of  certain  gases,  particularly 
carbonic  acid  and  oxygen,  that  it  seems  desirable  to  give  at 
least  a  rapid  sketch  of  these  discoveries,  and  follow  the  ai 
vances  in  our  knowledge  o^  the  processes  of  respiration,  vith 
which  they  are  necessarily  connected.* 

In  the  latter  part  of  the  fifteenth  century,  Leonardo  da 
Yinei,  the  great  painter,  mathematician,  and  naturalist,  made 
a  discovery  which  conclusively  proved  the  fallacy  of  the  idea 
that  the  air  simply  cooled  the  blood  in  respiration.  He  iisr 
covered  that  fire  consumed  the  air,  and  that  animals  conld 
not  live  in  a  medium  which  was  incapable  of  supporting 
combustion.  This  is  the  first  statement  in  the  historrrf 
science  which  points  to  the  fact  that  the  function  of  the  air 
in  respiration  depends  on  its  composition,  and  not  on  its 
physical  properties. 

About  the  middle  of  the  seventeenth  centurv.  Van  Hel- 
mont  discovered  some  of  the  properties  of  what  is  now  known 
as  carbonic  acid  gas.  He  showed  that  a  gas,  the  result  of 
femientation,  or  of  the  combustion  of  carbon,  and  formed  bv 
the  action  of  vinegar  on  certain  carbonates,  was  incapable  of 
supporting  combustion  or  maintaining  animal  life.  He  rec- 
ognized this  as  the  gas  j^hich  is  found  in  the  lower  part  of 
the  celebrated  Grotto  dd  Cane^  near  Kaples,  into  which  a  man 
may  enter  with  impunity,  but  which  will  asphyxiate  a  email 
animal,  as  it  is  brought  under  the  influence  of  the  lower  strata^ 

A  few  years  later  (1670),  Boyle,  the  founder  of  the  Koyal 
Society  of  London,  by  some  experiments  published  in  the 
Philosophical  Transactions^  attempted  to  show  that  air  was 
necessary  to  the  life  of  all  animals,  even  those  which  live 
under  water.  In  a  remarkable  paper  entitled  iSuspicioM 
about  some  Hidden  Qualities  of  the  Air^  he  pointed  to  the 

*  The  reader  is  referred  to  the  elaborate  work  of  Milne-Edwards  (Z>fw»i  9/f 
la  Phmiohf^e,  tome  i.,  p.  376  et  scg.)  for  a  complete  and  highly  intoret>tiiig  histon 
of  the  physiology  of  respiration,  from  which  we  have  taken  most  of  the  histoocJ 
facts  to  which  reference  will  be  made. 
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probable  existence  of  some  unknown  vital  substance  in  the 
atmosphere.  A  few  years  later  it  was  demonstrated  by  Ber- 
noulli, that  the  existence  of  aquatic  animals  depends  upon 
air  held  in  solution  in  the  water.  About  this  time  Robert 
Hooke  ])erfonned  his  celebrated  experiment  of  exposing  the 
lungs  of  a  living  animal,  and  maintaining  the  vital  processes 
by  artificial  respiration.  lie  demonstrated  that  asphyxia 
occurred  when  he  ceased  to  change  the  air  in  the  lungs, 
though  these  organs  were  allowed  to  remain  distended. 

Fracassati  also  showed  that  the  red  color  of  the  upper 
surface  of  a  clot  of  blood  was  due  to  its  exposure  to  the  air; 
and  Lower,  examining  the  blood  before  and  after  its  passago 
through  the  lungs,  in  artificial  respiration,  showed  that  tho 
red  color  of  arterial  blood  depends  on  the  renewal  of  the 
atmosphere. 

In  1GG7,  Mayow  published  his  work  on  Respiration,  in 
which  he  advanced  the  view  that  the  air  contained  a  princi- 
ple, capable  of  supporting  combustion,  which  is  absorbed  in 
respiration,  changes  venous  into  arterial  blood,  and  is  tho 
cause  of  the  heat  which  is  developed  in  animal  bodies.*  The 
importance  of  this  discovery  was  not  appreciated  by  the  jJiys- 
iologists  of  that  day ;  and  it  was  more  than  a  century  before 
it  received  its  appropriate  place  in  science. 

In  1757,  Joseph  Black,  of  Glasgow,  isolated  and  studied 
carl)onic  acid,  which  he  called  Ji^ed  air.  He  recognized  this 
gas  in  the  expired  air,  by  passing  the  breath  through  lime* 

*  Wc  fin«l  the  following  passage  in  an  analysis  of  the  work  of  Mayow  onJUt 
piratioiiy  published  in  the  Fhiloiophical  TVansactioru,  1668,  p.  833 : 

**  The  author  •  •  •  delivers  his  thoughts  on  the  lue  of  Respiration,  waving 
those  opinion?,  that  would  have  respiration  either  to  cool  the  heart,  or  make  the 
Bloud  pass  through  the  Lungs  oat  of  the  right  Tcntricle  of  the  heart  to  the  left^ 
or  to  reduce  the  tliicker  venal  blood  into  thinner  and  finer  parts ;  and  affirming, 
That  there  is  something  in  the  Air,  absolutely  necessary  to  life,  which  is  conveyed 
into  the  Bloud ;  which,  whatever  it  be,  being  exhausted,  the  rest  of  tho  air  ii 
made  useless,  and  no  more  fit  -for  Respiration.  Where  yet  he  doth  not  cxclado 
this  use,  Tliat  with  the  expelled  Air,  the  vapors  also,  steaming  out  of  the  Bloud, 
are  thrown  out  together." 
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water.  It  U  evideot  that  this  was  the  gas  wliidi  vm  tb- 
eerved  so  maay  jeara  before  by  Van  HelmonL 

Iq  1775,  Priestley  discovered  tbat  the  air  is  coDi[Keedif 
oxygen  and  nitrogen,  though  he  did  not  make  nie  of  tibea 
naru^;  and  a  few  yeai^  later,  ehowed  that  air  whiHi  Idi 
been  vitiated  by  the  respiration  of  animals  13  oonsnmed  bj 
vo<^tables,  which  retora  the  elements  neceesarj  to  the  1^  cf 
aQimals.  In  a  paper  publisbed  in  tbe  P&HompMcal  TraM» 
thrts  for  1776,  he  proved  tbat  the  change  in  the  color  of  At 
blood  in  tbe  limga  is  due  to  the  absorption  of  the  dbi^ 
dijscovered  oxygen ;  and  showed,  farthermore,  that  the  iate- 
change  of  gases  between  the  air  and  the  blood  ean  take  pba 
through  membranes,  as  readily  as  when  the  two  flotib  *B 
broaght  directly  in  contact  with  each  other.' 

The  discoveries  above  enumerated,  thoogh  all  bearai^  oB 
the  great  qnestion,  were  »uiply  isolatvd  facts,  and  failvd  to 
develop  any  definite  idea  of  the  changes  of  the  air  a&d  Uood 
in  respiration.  The  application  of  these  facts  was  untie  hj 
the  great  chemist  Lavoisier;  who  was  the  first  to  empluy^ 
delicate  balance  in  chemical  investigation,  and  whoaeob*^ 
vatioQS  mark  the  beginning  of  an  accurate  knowled^  of  ite 
function  of  respiration.  With  tbe  balance,  Lavoisier  abend 
tlie  nature  of  the  oxides  of  the  metals ;  he  discovered  tbi 
carbonic  acid  is  formed  by  a  union  of  carbon  and  oxy^i 
and,  noting  the  consumption  of  oxygen  and  the  prodiKlHO 
of  carbonic  acid  in  respiration,  advanced,  for  the  tirst  titse, 
the  view  that  the  one  was  employed  in  tbe  production  of  (lie 

'  &£ituu>  nttiibulel  the  dUcorery  of  oiTgen  U  Bajoi  {op.  liL,  timt  H,  f 
SIS).  It  ii  tnia  Ihftt  Bateo  in  li74  erdlteil  oijgeo  b;  beating  tiytnimH*^ 
roemirT,  bnl  ha  Biinplj  mvs  gu  giien  oK  the  nature  and  prnpvnim  ol  mHAJB 
dill  not  dcMiibe.  Prieatief  fini  published  hkdiMOTEr]' of  mI7gB^Ktlh•J■af 
thn  of  errlatK  of  iu  imp^rUuil propertiet,  in  themmyeu;  and  tiiiiiwihiiri 
dceciibeil  properties  irliich  <!i2tiiiguiih  this  froio  ever;  other  gM,  to  niMllVl 
gcoenllT,  uid  jiutly,  ascribed  the  honor  of  it«  disooreri.  fidhede,  to  Sa<4i 
obtained  and  dceciibed  oirgm  ("ihoairoi'flre"}shonlf  tflcr  \t  bad  laad 
buned  br  PrietU;',  witboot  tbe  koovtedeE  tbat  lus  dbcotBr  bad  beca  iiiiiil|«l> 
TGt  vork  «u  pablUhed  in  ITT7. 
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Ather.  Though,  as  should  naturally  bo  expected,  the  doc- 
trines of  this  great  observer  have  been  modified  with  the 
advances  iu  science,  he  developed  facta  which  will  etaud  for- 
ever, and  which  have  served  as  the  starting  point  of  all 
OUT  knowledge  on  this  tuliject.  From  that  time  physiol- 
ogists began  to  look  on  respiration  as  consisting  in  the  appro- 
priation of  oxygen  and  tlie  exhalation  of  carbonic  acid; 
and  now  the  seat  of  this  process  is  only  changed  from  the 
longs  to  the  tissues.  From  the  limited  knowledge  of  the 
intimate  phenomena  of  nntrition  which  obtained  in  his  day, 
LaToisier  could  not  be  expected  to  entertain  any  other  view 
than  that  the  carbonic  acid  producoJ  was  the  result  of  the 
direct  Hoion  of  ostygen  with  carbon  in  the  blood.  It  is  only 
since  investigations  have  made  manifest  tbc  great  complexity 
of  the  proceaaea  of  nutrition,  that  some  are  unwilling  to  be- 
lievo  that  carbonic  acid  is  produced  in  as  eimple  a  way  as 
It  appeared  to  Lavoisier.' 

Composition,  of  the  Air. — Pure  atmospheric  air  is  a 
mechanical  mixture  of  79-19  parts  of  nitrogen  with  20'81 
parts  of  oxygen  (Duunis  and  Boussingault).'  It  contains  in 
addition  a  very  small  quantity  of  carbonic  acid,  ahont  one 
part  in  2,000  by  volume,  and  traces  of  ammonia.  The  air 
is  never  free  from  moisture,  which  is  very  variable  in  quan- 
tity, being  generally  more  abundant  at  a  high  than  at  a  low 
temperature.  In  1840,  Sclionbein  discovered  in  the  air  a  pecu- 
liar odorous  principle  called  ozone,  which  he  conceived  to  be  a 
compound  of  oxygen  and  hydrogen  (HO,),  but  which  is  now 
pretty  well  shown  to  be  an  allotropic  form  of  oxygen.     The 

*  The  sppUcaUoDs  of  tbo  discoreriei  of  Lavoi^er  lo  the  prodnciion  of  animal 
Mat  will  be  Mken  up  ia  coimuotiaii  vrith  ihut  pbimomeiiott. 

*  Some  chemiaU  siqipose  that  the  aij^ca  uni)  nitrogeu  in  the  Kir  ore  in  a  con- 
diUoD  of  feeble  cbcmickl  comblualion,  HoneTcr  that  ms;  be,  it  la  ofrtaia  tbat 
in  reifdntioa  It  ii  the  oijgcu  nbich  Is  absorhed  by  tli«  blood,  atid  nhich  cui^m 
on  the  CinctioD,  The  nitiogen  eccdu  to  act  umply  at  a  diliienl,  ihus  proTiditig 
llAt  the  blood  in  the  luoga  «haU  be  exposed  lo  but  a  cataln  quaulil^  of  the  ro- 
(pirntorj  principle. 


oxygen  wliicli  is  obtained  by  decoraposing  water  bj  Uu 
taiG  pile  is  in  this  conditioD.  It  exists  in  very  small  qua 
in  the  air,  and  playa  no  part  in  the  function  of  re^pin 
Its  cliief  iiiterest  lias  been  in  a  theoretical  connectioii 
epidemic  diseases.'  Ploating  in  tbe  atmospbere  are  & 
ber  of  excessively  minute  organic  bodies.  Various 
uQs  and  other  gaseoua  matter  may  be  present  as  acdd 
constituents. 

In  considering  the  function  of  reapirationj  it  is  not  i 
sary  to  take  account  of  any  of  the  constituents  of  the  al 
phere,  except  oxygen  and  nitrogen;  the  others  being  i 
inconstant,  or  existing  in  excessively  mtnate  quautitf 
is  necessary  to  the  regular  performance  of  the  function 
the  air  should  contain  about  I'our  parts  of  nitrogen  to  o 
oxygen,  and  have  about  the  density  which  exists  on  tht 
eral  surface  of  the  globe.  AVlien  the  density  is  very] 
increased,  as  iu  mines,  respiration  is  somewhat,  thou^ 
gravely,  disturbed.  By  exposure  to  a  rareiied  atmosphe 
in  the  ascent  of  high  monntains  or  in  aerial  voyages,  rQ| 
tion  may  be  very  seriously  iuteri'ered  with,  from  the  faB( 
less  oxygen  than  usual  is  presented  to  the  respiratory  std 
and  the  reduced  atmospheric  pressure  diminishes  tbei 
city  lit'  tli(!  biood  I'or  Jioldinii;  g;i*os  in  Buhitioii, 

JlagcDdie  and  liernaiil,  in  L^xpcrimuntinn;  on  tlie  mini 
profortion  of  oxygen  in  tbe  !nr  i,v]iii-li  is  capiil  ile  of  j^usta 
life,  found  that  a  rabbit,  confined  uiulur  ii  bfll-^l.iss  wit 
arrangement  for  removing  tbo  t'lii-bunic  sifiil   [md  ware 


'  OzuQtf  muy  be  rnnui-il  l>; 
laosjilurt',  or  tlirough  o.ivgeii 


Jig  L-irijlrif  dii^ubar,i,'ts  through  the  ordfn 
Iiro|iorlion  in  the  nir  Is  supposi,''!  lo  iic 
iacTPOfi'd  ill  sltirms  irliich  nre  sccnniiiBiiicJ  t>j  clccttie  iilicaomuna.  rvln 
txposi'ii  AUimjIj  tu  Ihc  ac^liuu  urtliis  siibsUni'v.  A  ilo^',  contitiiHl  for  aa  ti 
a  bell-sl^i^'.  '^'0  which  ozouc  w,i=  pas^eJ,  dini,  Ihiiu^h  it  wae  estitiiatwi  il 
lljSOthi'O  Oiilv  nbuut  '03  o(  n  gtiiLi.  Ad  i-iaininullnn  showed  the  lung?  in 
riiiioD  of  nniiu  inliaDimniTiin.  M.  ili^  U  iiive,  ^Onl  tns  also  eiperimemed 
il,  utimiiiirin  it*  aelion  on  llie  lespirilotj  ur^-aiia  lo  thsl   of  chlorine  (Bu 

16U). 
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haled,  as  fust  aa  they  were  producetl,  died  of  asphyxia  when 
tlio  quiintity  of  oxygen  became  reduced  to  from  3  to  5  per 
cent.' 

Following  Lavoisier,  the  Abb6  Spallanzani,'  by  researchee 
on  a  great  iiomber  of  animals  of  all  classes,  demonstrated  the 
tmivcrsal  necessity  of  air,  either  in  a  gaseons  condition  or  in 
solntion  in  liquids,  thronghout  the  animal  kingdom. 

A  few  experimenta  are  on  record  in  which  llie  human 
subject  tmd  animaU  have  been  miule  to  respire  for  a  time 
pure  oxygen.  Though  this  is  the  gas  which  is  essential  in 
ordinary  respiration,  the  process  being  carried  on  about  oe 
well  in  a  mixture  of  oxygen  with  hydrogen  as  with  nitrogen, 
tie  functions  do  not  Boem  to  be  much  altered  when  the  pure 
gas  is  taken  into  the  lungs.  Some  aiithore  stale  that  its  pro- 
longed inhalation  cxa^erates  the  function  for  a  time,  and 
that  inflammation  of  the  lungs  and  death  follow  its  pro- 
longed use ;  while  the  experiments  of  others  sliow  that  it  is 
harmless.  Allen  and  Pepys  confined  animals  for  twenty- 
fi>nr  hours  in  an  atmosphere  of  pure  oxygen,  without  any 
notable  results ; '  but,  as  is  justly  remarked  by  Longet,  these 
experiments  do  not  show  that  it  would  be  possible  to  respire 
unmised  oxygen  indefinitely  without  inconvenience.  Aa  it 
exists  in  the  air,  oxygen  is  undoubtedly  in  tlie  best  form  for 
the  permanent  maintenance  of  the  respiratory  function. 
Tlie  blood  seems  to  have  a  certain  capacity  for  the  absorp- 
tion of  oxygen,  wliicU  is  not  increased  when  the  pure  gas  ia 
presented. 

The  only  other  gas  which  has  the  power  of  maintaining 
respiration,  even  for  a  time,  "is  nitrons  oxide.  Tins  ia  ab- 
sorbed by  the  blood-corpuscles  with  great  avidity,  and  for  a 
time  pivduces  an  exa^^ration  of  the  vital  proces£«i,  wJtL 
delirium,  etc. — properties  which  have  given  it  the  common 

'  Berxuid,  op.  tit.,  p,  lis. 

*  ErjtUJNZAIi:,  Mfmoira  »ur  £i  Reajiiruliwi,  traduilt  ni  Fran(aii  itojirft  ton 
nmuirU  iiUJi'.  1803. 

'  Losarr,  Traili  Je  Phynluloffif,  Paris,  1861,  lomc  L,  p.  168. 
27 


416 


BE3FIRATI0S, 


DKiDe  of  the  "  l&iigliing  gad  " ;  bat  this  condition  \&  fnHimi' 
by  anffistlieeia,  and  finally  aspIiTxIa,  probably  bccaine  tl» 
gas  has  such  an  affinity  for  the  blood-corjtnecle?  sh  to  » 
main  to  a  certain  extent  fixed,  interfering  with  the  iotc 
cliange  of  gases  which  is  essential  to  life.  XotwitliEtandng 
this,  experimenters  have  confined  rabbits  and  other  •:  ' 
in  an  atniospliere  of  nitrons  oxide  for  a  namber  of  h 
In  all  eases  they  became  asphyxiated,  bat  in  some  ii 
were  restored  on  being  brought  again  into  the  atmoirj'bere.' 
Other  gases  which  may  be  introduced  into  tlie  Inng 
either  produce  asphyxia,  negatively,  from  the  fact  that  tl 
are  not  absorbed  by  the  blood  and  are  incapable  of  car 
on  respiration,  like  hydrogen  or  nitrogen,  or  i»o8itiTt!ly,  bj  l 
poisonous  effect  on  tho  system.  The  moet  iiQjxirtntit  of  tl 
gases  which  act  as  poisons  are,  carbonic  oxide,  snlpbtlRttd 
hydr<^en,  and  arseninretted  hydrogen.  It  is  ectuewfaat  i 
certain  whether  carbonic  acid  exerts  its  deleterious  inflDenoi 
as  a  poison,  or  as  merely  taking  the  place  of  the  oxygtsi  in 
the  blood-corpuscles.  It  is  easily  displaced  from  the  b 
by  oxygen,  and  therefore  does  not  seem  to  possess  tl 
ertics  of  a  poison,  like  carbonic  oxide,  and  some  o 
which  become  fi.xed  in  the  blood,  and  are  not  i 
placed  when  fresh  air  is  introduced  into  the  longs. 

Consumption   of  Ort/geji. — The    detenuinalion  of  I 
qnantity  of  oxygen  which  is  removed  from  the  air  by  ^ 
process  of  respiration  is  a  question  of  great  pli^-sJolt^cal  in 
tei-eef,  and  one  which  engaged  largely  tiie  attention  of  I 
voisier  and  those  who  have  followed  in  his  Unc  of  o 
tion.      On    this    point   there   is   an   accumulated   n 
observations  which  are  comparatively  itnimportant,  frcaa  tl 
fact  that  they  were  made  before  the  means  of  aaah-Gia  of  (i 
gases  were  as  perfect  as  they  now  are.     Though  many  qf  ti 
results  obtained  by  the  older  experiracntera  are  iutei 
and  iustructive,  as  showing  the  comparatire  qoantitiee  u 

'  Lo^oET,  op.  dl,  tome  L,  p.  ISO. 
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oxTgen  eoiisunied  under  rarions  plijaiological  conditions,  tliey 
Rre  not  to  be  compared  willi  tiie  riore  recent  observations, 
particularly  tboae  of  Regnanlt  and  Rciset,  Valentin  and  Brnn- 
ner,  Dumas,  Andral  and  Gavarret,  Scliarling,  and  Edward 
Stnitli,  witli  regard  to  the  absohite  quantity  of  oxygen  liiado 
1166  of  in  respiration.  In  tlie  observations  of  Kegnanit  and 
Reiset,  the  animal  to  be  cjcperiniented  upon  was  enelosed  in 
a  receiver  filled  witb  air,  a  measured  quantity  of  oxygen 
was  introduced  as  fast  as  it  was  consumed  by  respiration,  and 
tlie  carbonic  acid  was  ainstantly  removed  and  carefully  esti- 
mated. In  most  of  the  experiments,  the  coutinement  did  not 
appear  to  interfere  with  the  fiinctious  of  the  animal,  wliich 
nte  and  drank  in  the  apparatus,  and  was  in  as  good  condition 
at  the  termination  aa  at  the  beginning  of  the  obsen-ation. 
This  method  is  infinitely  more  accurate  than  that  of  simply 
causing  an  animal  to  breathe  in  a  confined  space,  wiien  the 
consumption  of  oxygen  and  accumulation  of  carbonic  acid 
and  other  matters  must  interfere  more  or  lees  with  the  proper 
performance  of  the  respiratory  function.  This  is  known  aa 
the  direct  method  of  investigating  the  changes  in  the  air  pro- 
duced by  respiration.  As  employed  by  Kegnault  and  Keiset, 
it  16  only  adapted  to  experiments  on  animals  of  small  size. 
These  give  but  an  approximative  idea  of  the  processes  as  they 
take  place  in  the  human  subject,  as  it  is  natural  to  eiippose 
that  the  relative  quantities  of  gases  consumed  and  produced 
!in  respiration  vary  in  different  orders  of  animals.' 


'  In  Robin's  Joitnalde  PAnatomit  tt  de  la  Physioloffif,  Julj,  1864,  lomc  I, 
p.i39,metiu<i  anani.lfdsof  rcMsrobcs  onrcspiralianbyDr.  MaxPctlemkofcr,  in 
whioh  lb«  condillonB  foraccunite  obscirationt  on  Ibc  bumBo  subject  seem  to  be 
fillHllsd.  Dr.  Fettcnkofcr  bus  coostnicUd  a  cbiunbor  large  enough  to  admit  a  mui, 
■nd  allow  perfect  fn«dom  of  motiao,  cHtiog,  Blcepiog,  etc,  bito  wbicb  air  ia  con- 
HAiilly  introduced  in  definito  quantity,  and  from  nhichthe  products  of  rcepiralSon 
■re  conitant!;  removed,  and  estimated.  An  incDiD|)lete  ecrica  of  ob«erviitiaiu  ii 
puUbb«d.  which  baa  paiticulsr  ref«n-nce  lo  tho  producti  of  Tespiration.  Tlius 
(he  tho  sobjirct  ofconaumplion  of  o^jgou  bis  not  been  considcfcd.  Eitcniiud  ob- 
servation! b;r  Dr.  Fettenkorer  will  undoubtedly  settle  at»ay  dispnUd  quaelions 
g  tbe  changes  of  the  air  in  respiration.    TUia  method  nni  adapted  to  the 
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The  indirect  method  was  first  employed  by  Boussinganlt, 
but  was  particularly  directed  to  the  exhalation  of  caibomc 
acid.  This  observer  experimented  upon  large  animals,  sndi 
as  the  horse  or  cow,  in  the  following  way :  Having  first  care- 
fully regulated  the  diet,  so  that  there  was  no  change  in  weight 
during  the  experiments,  he  carefully  weighed  all  that  vm 
introduced  as  food  and  drink,  and  all  that  was  discharged 
as  urine  and  feces.  The  excess  in  the  quantity  introduced, 
over  that  discharged  in  the  way  above  mentioned,  represents, 
necessarily,  the  amount  lost  by  the  skin  and  lungs.  Bra 
quantitative  comparison  of  the  elementary  constituents  of  the 
food  and  excrements,  tolerably  accurate  results  were  arrived 
at ;  though  it  must  be  admitted  that  this  method  would  be 
considered  of  little  value,  did  the  results  not  correspond  pretty 
closely  with  those  obtained  by  direct  analysis/ 

Estimates  of  the  absolute  quantities  of  oxygen  consumed, 
or  of  carbonic  acid  produced,  which  are  based  on  analyses  of 
the  inspired  and  expired  air,  calculations  from  the  ave^ 
age  quantity  of  air  changed  with  each  respiratory  act,  aud 
the  average  number  of  respirations  per  minute,  are  by  no 
means  as  reliable  as  analvses  showinn:  the  actual  chaDges 
in  the  air,  like  those  of  Regnault  and  Reiset,  provided  the 
physiological  conditions  be  fulfilled.  When  there  is  so  much 
multiplication  and  calculation,  a  very  slight  and  perhaps 
unavoidable  inaccuracy  in  the  quantities  consumed  or  pro 
duced  in  a  single  respiration  will  make  an  immense  erroi 
in  the  estimate  for  a  day,  or  even  an  hour. 

Bearing  all  these  sources  of  error  in  mind,  from  the  ex 
perimcnts  of  Yalentin  and  Brunner,  Dumas,  and  others,  a  suf 
ficieiitly  accurate  approximation  of  the  proportion  of  oxygen 
consumed  l)y  the  human  subject  may  be  formed.     The  air, 

human  subject  on  a  small  scale  in  1843,  by  Scharling,  but  there  was  no  txm^ 
meat  for  estimating  the  quantity  of  oxygen  furnished  (Milxe-Edwasds,  Phyn- 
ologie^  tome  ii.,  p.  498,  note.) 

*  BoussiNOACLT,  Mtmoins  de  Chimie  Agricoh  et  de  Phytioloffie^  Paris,  18H 
pp.  1-12. 
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wliicli  contains,  when  inspired,  20'81  parts  of  oxygen  per 
100,  is  found  on  expiration  to  contain  but  about  16  parts 
per  100.  In  other  words,  the  volume  of  oxygen  absorbed  in 
the  lungs  is  five  per  cent,  or  -^  of  the  volume  of  air  in- 
spired.* 

It  is  intei'esting  and  useful  to  extend  this  estimate  as  far 
as  possible  to  the  quantity  of  oxygen  absorbed  in  a  definite 
time ;  for  the  regulation  of  the  supply  of  oxygen  where  many 
persons  are  assembled,  as  in  public  buildings,  hospitals, 
etc.,  is  a  question  of  great  practical  importance.  Assuming 
that  the  average  respirations  per  minute  are  18,  and  that 
with  each  act  20  cubic  inches  of  air  are  changed,  15  cubic 
feet  of  oxygen  are  consumed  in  the  twenty-four  hours,  which 
represents  300  cubic  feet  of  pure  air.  This  is  the  minimum 
quantity  of  air  which  is  actually  used,  making  no  allowance 
for  the  increase  in  the  intensity  of  the  respiratory  processes, 
which  is  liable  to  occur  from  various  causes.  To  meet  all  the 
respiratory  exigencies  of  the  system,  in  hospitals,  prisons,  etc., 
it  lias  been  found  necessary  to  allow  at  least  800  cubic  feet 
of  air  for  each  person,  unless  the  situation  is  such  that  the  air 
is  changed  with  unusual  frequency;  for,  beside  the  actual 
loss  of  oxygen  in  the  respired  air,  constant  emanations  from 
both  the  pulnionaf^  and  cutaneous  surfaces  are  taking  place, 
which  should  be  removed.  In  some  institutions  as  much  as 
2,500  cubic  feet  of  air  is  allowed  to  each  i>erson.* 

The  quantity  of  oxygen  consumed  is  subject  to  great 
variations,  depending  upon  temperature,  the  condition  of  the 
digestive  system,  muscular  activity,  etc.  The  following  con- 
clusions, the  results  of  the  observations  of  Lavoisier  and  Se- 
giiin,  give  at  a  glance  the  variations  from  the  above-men- 
tioned causes :  * 

'  Milke-Edwards,  Ph}fniologie^  tome  ii.,  p.  610. 

•  Todd  and  Bowmax,  Phjiiologicdl  Anatonvj  and  Ph^tiologj  of  Afan^  Phila- 
delphia, 1867,  p.  728. 

■  Taken  from  Lonoet,  TSraite  de  Phynologif^  I*aris,  1861,  tome  i.,  p.  526. 
Though  the  absolute  quantities  obtained  by  Laroisier  and  Scguin  aro  not  so  re- 
liable as  those  obtained  by  later  observers,  vet  the  accurate  cmploymeiit  of  the 
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^^  1.  A  man,  in  repose  sndjxutinffj  with  an  external  tem- 
perature of  90®  Fahr.,  coDsnmes  1,465  cubic  inches  of  oxjgen 
per  hour. 

"  2.  A  man,  in  repose  sjidfdstinffy  with  an  external  tem- 
perature of  59°  Fahr.,  consumes  1,627  cubic  inches  of  053^ 
per  hour. 

"3.  A  man,  during  digestion^  con£'ime3  2,300  cuUc 
inches  of  oxygen  per  hour. 

"  4.  A  msLU^fastinffj  while  he  accomplishes  the  labor  ne- 
cessary to  raise,  in  fifteen  minutes,  a  weight  of  7*343  IdL 
(about  16  lb.  3  oz.  av.)  to  the  height  of  656  feet,  consnmes 
3,874  cubic  inches  of  oxygen  per  hour. 

"  5.  A  man,  during  digestion^  accomplishing  the  labor 
necessary  to  raise,  in  fifteen  minutes,  a  weight  of  7*343  kiL 
(about  16  lb.  3  oz.  av.)  to  the  height  of  700  feet,  consumes 
5,568  cubic  inches  of  oxygen  per  hour.'* 

Influence  of  Temperature. — All  who  have  experimented 
on  the  influence  of  temperature  upon  the  consumption  of 
oxvffcn.  in  the  warm-blooded  animals  and  in  the  human  sub- 
ject,  have  noted  a  marked  increase  at  low  temperatures. 
Cold-blooded  animals  always  sufier  a  depression  of  the  vital 
])rocesses  at  low  temperatures,  with  a  corresponding  diminu- 
tion in  the  quantity  of  oxygen  consumed,  until  they  finally 
become  torpid. 

Immediately  after  birth,  the  consumption  of  oxygen  in 
the  warm-blooded  animals  is  relatively  very  slight.  Buffon* 
and  Legallois'  have  shown  that  just  after  birth,  dogs  an  J 
other  animals  will  live  for  half  an  hour  or  more  underwater; 
and  cases  are  on  record  where  life  has  been  restored  in  newlv- 
born  children  after  seven,  and,  it  has  been  stated,  after  twenty- 
three  hours  of  asphyxia.  During  the  first  periods  of  exist- 
ence, the  condition  of  the  newly-born  approximates  to  that  of  a 

best  moans  of  investigation  at  tbeir  command  leads  us  to  place  ererj  confidence 
in  the  comparative  results. 

*  Milne-Edwards,  Phytiol^^ey  tome  ii.,  p.  659. 

'  Leoallois,  Qiuvra,  Paris,  1824,  tome  L,  p.  57. 
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cold-blooded  aiiimal,  Tlielutigsarcrelatively  very  small,  and 
it  is  some  time  before  they  fully  assume  tbeir  fnnction.  The 
mascular  movements  are  liardly  more  tlian  is  necessary  to  take 
thesroall  amount  ot'iiourishmentconsumcd  at  that  period,  and 
Dearly  »ll  of  the  time  is  passed  lu  sleep.  There  is  also  very 
little  ptiwer  of  resistance  to  low  teDiperatnre.  Though  nctu- 
rate  resean-'bea  regarding  the  eoniparativo  quantities  of  oxy- 
gen in  the  venous  and  arterial  lilood  of  the  fnetus  are  wanting, 
it  has  bcea  frequently  observed  that  the  difterence  in  color  is 
not  as  marked  as  it  is  ullcr  pnlmouary  respiration  becomes 
estahlisiied.  The  direct  researches  of  W.  F,  Edwards  have 
shown  tiiat  the  absolute  consumption  of  oiygen  by  very 
young  animals  is  very  small ; '  and  the  obBervations  of  Lcgal- 
lois  on  rabbits,  made  every  Jive  days  during  the  first  month 
of  existence,  show  a  rapidly  increasing  demand  for  this  prin- 
ciple with  u^,' 

It^mauU  and  Reiset  have  shown  tliat  the  consmnption 
of  oxygen  is  greater  jn  loan  than  in  very  fat  animab,  pro- 
vided they  be  in  perfect  health.  They  have  also  shown  tliat 
the  consnm|>tioa  is  much  greater  in  carnivorous  than  in 
herbivorous  animals;  and  in  animals  of  different  sizes,  is 
relatively  very  much  greater  in  tliose  which  are  very  small. 
In  very  small  birds,  snch  as  the  sparrow,  the  proportional 
quAntitr  of  oxygen  absorbed  was  ten  times  greater  than  in 
,  kbe  fowl.'  ' 

n  sleep,  the  quantity  of  oxygen  consnmed  is  considerably 

itFInJIuaMtdftAt/ejuPAynqmiturIa  Vii,  FarU,  1SS4,  p.  ItStlitg. 
I  .  *  Zoe.  (it  In  hU  eiperimcnu  on  mbbiU,  Legalloia  faund  Uist  immmediatel; 
titer  tiirlh  Ihry  irould  live  Tor  flflcen  nunutes  tjcprired  of  air.  "  In  nph^iiatlDg 
nbbiU  of  ilitfereut  igM,  for  ciampli^,  every  Bve  daja,  Irom  the  momcDt  of  birtli 
to  IhO  age  uf  one  month,  it  wiu  i-onalanLl;  obserrQc]  Ihut  the  dunitinn  or  eoiwo- 
tlon,  of  TuluDlu'}'  notion,  in  a  word,  tlic  signs  of  life,  altrajs  dimiDisiioJ  ia  jiro- 
ponioD  u  tlic  naimkb  advanced  )o  age.  Thus,  in  a  rsbbit  ne»l;  bom,  MDMtlon 
mad  ToIuQlar;  marcnients  were  not  eitinct  until  the  end  of  about  Qftccn  minutca 
of  *fpli;ti>.  while  they  iiei«  extinct  in  1cs9  Ihao  tno  mlnut<»  in  a  mbbU  oE  lbs 
■g«  of  ihirtj  da;e."  Pp.  ST,  D6. 
*  lee.nl. 
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diminished ;  and  in  hibernation  is  so  small,  that  Spallanzuu 
conld  not  detect  any  difference  in  the  composition  of  the  air 
in  which  a  marmot,  in  a  state  of  torpor,  had  remained  for 
three  hours.^  In  experiments  on  a  marmot  in  hibematioo, 
Begnault  and  Keiset  observed  a  reduction  in  the  quantity  of 
oxj'gen  consumed  to  about  -^  of  the  normal  standard.* 

It  has  been  shown  bj  experiments,  that  the  consumptioQ 
of  oxygen  bears  a  pretty  constant  ratio  to  the  production  of 
carbonic  acid ;  and  as  the  observations  on  the  influence  of 
sex,  number  of  respiratory  acts,  etc.  on  the  activity  of  the 
respiratory  processes,  have  been  made  chiefly  with  reference 
to  the  carbonic  acid  exhaled,  we  will  consider  these  inflaeDOS 
in  connection  with  the  products  of  respiration. 

Experiments  on  the  effect  of  increasing  the  proportion  of 
oxygen  in  the  air  have  led  to  varied  results  in  the  hands  of 
different  obsers^ers.  Kegnault  and  Eeiset,  whose  observa- 
tions on  this  point  are  generally  accepted,  did  not  discover 
any  increase  in  the  consumption  of  oxygen  when  this  gas  was 
larffclv  in  excess. 

The  results  of  confining  an  animal  in  an  atmosphere  com- 
posed of  21  parts  of  oxj^gen  and  79  parts  of  hydrogen  are 
very  curious  and  instructive.  When  hydrogen  is  thus  sub- 
stituted for  the  nitrogen  of  the  air,  the  consimiption  of  oxygen 
is  largely  increased.  Eegnault  and  Reiset  attribute  this  to 
the  superior  refrigerating  power  of  the  hydrogen ;  but  a  more 
rational  explanation  would  seem  to  be  in  its  superior  diffusi- 
bility.  Hydrogen  is  the  most  diffusible  of  all  gases;  and 
when  introduced  into  the  lun^  in  the  place  of  the  nitrogen 
of  the  air,  tlie  vitiated  air,  charged  with  carbonic  acid,  is 
mdoubtedly  more  readily  removed  from  the  deep  portions 
of  the  lungs,  giving  place  to  the  mixture  of  hydrogen  and 
oxygen ;  and  it  is  probably  for  this  reason  that  the  quantity 
of  oxygen  consumed  is  increased.     It  is  probable  that  the 

'  Spallanzani,  Jfemoires  sur  la  Reitpi ration^  tradtutei  par  Skxebier,  GeniWi^ 
1803,  p.  334. 

'  Op.  c'U.,  p.  442. 
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nitrogen  of  the  air  plays  an  iThportant  part  in  the  phenomena 
of  respiration  by  virtue  of  it3  degree  of  diffusibility. 

In  view  of  the  great  variations  in  the  consumption  of 
oxygen  dependent  on  different  physiological  conditions,  such 
as  digestion,  exercise,  temperature,  etc.,  it  is  impossible  to  fix 
upon  any  number  which  will  represent,  even  approximatively, 
the  average  quantity  consumed  per  hour.  The  estimate 
arrived  at  by  Longet,*  from  a  comparison  of  the  results  ob- 
tained by  different  reliable  obser\^ers,  is  perliaps  as  near  the 
truth  as  possible.  This  estimate  puts  the  hourly  consumption 
at  from  1,220  to  1,525  cubic  inches,  "  in  an  adult  male,  during 
repose  and  in  normal  conditions  of  health  and  temperature." 

In  passing  through  the  lungs,  the  air,  beside  losing  a 
proportion  of  its  oxygen,  undergoes  the  following  clianges : 

1.  Increase  in  temperature. 

2.  Gain  of  carbonic  acid. 

3.  Gain  of  watery  vapor. 

4.  Gain  of  ammonia. 

5.  Gain  of  a  small  quantity  of  organic  mat  ter. 

6.  Gain,  and  occasionally  loss,  of  nitrogen. 

The  elevation  in  temperature  of  the  air  which  has  passed 
through  the  lungs  has  been  carefully  observed  by  Dr.  Gr6- 
hant.*  He  found  that  with  an  extenial  temperature  of  72°, 
respiring  17  times  per  minute,  the  air  taken  in  by  the  nares 
and  expired  by  the  mouth,  through  an  apparatus  containing 
a  thermometer  carefully  protected  from  external  influences, 
marked  a  temperature  of  95'4:°.  Taking  in  the  air  by  the 
mouth,  the  temperature  of  the  expired  air  was  93°.  At  the 
commencement  of  the  expiration.  Dr.  Grehant  noted  a  tem 
perature  of  91°.  After  a  prolonged  expiration,  the  temper- 
ature was  96°.  In  these  observations  the  temperature  taken 
beneath  the  tongue  was  98°. 

>  Op.  cU.,  p.  681. 

•  GninANT,  JUehtreJux  Phyniquei  snr  la  Ji^A/nration  de  Vllomme. — Journal  Je 
VAnatomie  ddtla  Phyniologie^  1804,  tome  i,  p.  546. 
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Yalentin  had  previonsly  made  experimcDtd  on  this  point, 
and  put  the  temperature  of  the  expired  air  a  little  higher, 
^.  ^.,  about  99°,  with  an  external  temperature  of  68^  He 
also  showed  that  the  temperature  of  the  suirounding  atmos- 
phere exerted  an  important  influence  on  the  temperature  of 
the  expired  air.  In  an  observation  made  in  winter,  with  an 
external  temperature  of  18°,  the  temperature  of  the  expired 
air  was  only  85'5°.* 

Exhalation  cf  Carbonic  Acid, — The  production  of  car- 
bonic acid  in  the  respiratory  process  is  as  universal  as  the 
consumption  of  oxj'gen.  Experiments  have  shown  that  all 
animals  during  life  exhale  this  principle,  as  well  as  all  tis- 
sues, so  long  as  thej  retain  their  irritabih'ty.  Tliis  takes 
place,  not  only  when  the  animals  or  tissues  are  placed  in  an 
atmosphere  of  oxygen,  or  common  air,  but,  as  was  observed 
by  Spallanzani,'  in  an  atmosphere  of  pure  nitrogen  or  hydro- 
gen. This  fact  has  since  been  noted  by  W.  F.  Edwards,  J. 
Miiller,  G.  Liebig,  and  others. 

The  study  of  the  exhalation  of  carbonic  acid  presents  sev- 
eral problems  of  great  physiological  interest : 

1.  AVhat  is  the  absolute  quantity  of  carbonic  acid  exhaled 
by  the  lungs  in  a  given  time  ? 

2.  What  are  the  variations  in  the  exhalation  of  this  prin- 
ciple duo  to  physiological  influences? 

3.  AVhat  is  the  relation  between  the  quantity  of  carbonic 
acid  produced  and  the  quantity  of  oxygen  consumed  ? 

On  acc^ount  of  the  variations  in  the  quantities  of  carbonic 
acid  exhaled  at  diflerent  periods  of  the  day,  and  particularly 
the  great  influence  of  the  rapidity  of  the  respiratory  move- 
ments, it  is  exceedingly  diflScult  to  fix  upon  any  number 
which  will  represent  the  average  proportion  of  this  gas  con- 
tained in  the  expired  air.  The  same  influences  were  found 
affecting  the  consumption  of  oxygen ;  and  the  same  difficulties 

*  Ghehant,  Rcclicrches  Phyaiqiiet  sur  la  Respiration  de  V Homme, —  'ammai  ii 
^Anatomie  etjJe  la  Phjfsiologle^  1864,  tome  L,  p.  645. 
'  Op,  cit.,  p.  343. 
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were  experienced  in  forming  an  estimate  of  the  proportion 
of  this  gas  consnmed.  As  we  assumed,  after  a  comparison 
of  the  results  obtained  by  different  observers,  that  the  vol- 
ume of  oxygen  consnmed  is  about  five  per  cent,  of  the  entire 
volume  of  air,  it  may  be  stated  as  an  approximation,  that  in 
the  intervals  of  digestion,  in  repose,  and  under  normal  con- 
ditions as  regards  the  frequency  of  tho  pulse  and  respiration, 
the  volume  of  carbonic  acid  exhaled  is  about  four  per  cent. 
of  the  volume  of  the  expired  air.*  As  the  volume  of  the  oxy- 
gen which  enters  into  the  composition  of  a  definite  quantity  of 
carbonic  acid  is  precisely  equal  to  the  volume  of  the  car- 
bonic acid,  it  is  seen  that  a  certain  quantity  of  oxygen  disap- 
pears in  respiration,  and  is  not  represented  in  the  carbonic 
acid  exhaled. 

There  are  great  differences  in  the  proportion  of  carbonic 
acid  in  the  expired  air,  depending  upon  the  time  during 
which  the  air  has  remained  in  the  lungs.  This  interesting 
point  hus  been  studied  by  Vicrordt,  in  a  series  of  94  experi- 
ments made  upon  his  own  person,  with  the  following  results :  * 

"  When  the  respirations  are  frequent,  the  quantity  of  car 
bonic  acid  expelled  at  each  expiration  is  much  less  tlian  in  a 
Blow  expiration ;  but  the  quantity  of  carbonic  acid  i)roduced 
daring  a  given  time  by  frequent  respirations  is  greater  than 
that  which  is  thrown  off  by  slow  expirations."  * 

The  air  which  escapes  during  the  first  period  of  an  expi- 
ration is  naturally  less  rich  in  carbonic  acid  than  that  which 
is  last  expelled  and  comes  directly  from  the  deeper  jjortions 
of  the  lungs.  Dividing,  as  nearly  as  possible,  the  expiration 
into  two  equal  parts,  Vierordt  found,  as  the  mean  of  twcnty- 

*  MiLXE 'Edwards.  Physiologie^  tome  ii.,  p.  507.  This  approximation  \s  taken 
from  the  observations  of  Valentin  and  Bninncr,  Dalton,  Prout,  Apjohn,  Coatbupe, 
Horn,  and  Vierordt.  The  experiments  of  Vierordt  are,  perhaps,  entitled  to  the 
most  credit,  as  he  has  studied  very  earefully  the  influence  of  the  frequency  of  res- 
piration upon  the  quantity  of  carbonic  acid  exlialed. 

■  Cited  in  Milxe-Edwakds,  Fhymloyk^  tome  li.,  p.  674,  and  Beuabd,  Coun 
d9  Fhynologie^  tome  iil,  p.  849. 

'  BuuBD,  loc,  dL 


4:26  BESPIBATION. 

one  exjMjriments,  a  percentage  of  3*72  in  the  first  part  of  the 
expiration,  and  5*44  in  the  second  part/ 

Temporary  arrest  of  the  respiratory  moTements,  as  we 
should  expect,  has  a  marked  influence  in  increasing  the  pro- 
portion of  carbonic  acid  in  the  expired  air ;  thongh  the  abso- 
lute quantity  exhaled  in  a  given  time  is  diminished.  In  a 
number  of  experiments  on  his  own  person,  Vierordt  a«w^ 
tained  that  the  percentage  of  carbonic  acid  becomes  uniform 
in  all  parts  of  the  respiratory  organs,  after  holding  tte 
breath  for  40  seconds.  Holding  the  breath  after  an  ordinary 
inspiration  for  20  seconds,  the  percentage  of  carbonic  acid 
in  the  expired  air  was  increased  1"73  over  the  normal  stand- 
ard ;  but  the  absolute  quantity  exhaled  was  diminished  by 
2*642  cubic  inches.  After  taking  the  deepest  possible  inspi- 
ration, and  holding  the  breath  for  100  seconds,  the  percent- 
age was  increased  3*08  above  the  normal  standard ;  but  the 
absolute  quantity  was  diminished  more  than  14  cubic  inches.' 
Allen  and  Pepys  state  that  air  which  has  passed  9  or  10  times 
through  the  lungs  contains  9*5  per  cent,  of  carbonic  acid.' 

Yierordt  gives  the  following  formula  as  representing  the 
influence  of  the  frequency  of  the  respirations  on  the  prodae- 
tion  of  carbonic  acid  :  Taking  2*5  parts  per  hundred  as  rep- 
resenting the  constant  value  of  the  gas  exhaled  by  the  blood, 
the  increase  over  this  proportion  in  the  expired  air  is  in 
exact  ratio  to  the  duration  in  the  contact  of  the  air  and 
blood.  This,  though  it  may  hold  good  in  many  instances, 
seems  rather  an  excessive  refinement.* 

'  Lehmans,  Phifsidogical  ChemUtry^  Philadelphia,  1856,  voL  ii.,  p.  439. 

*  Cj^clopcedia  of  Anatomy  and  Physiology^  vol.  ir.,  part  1,  p.  352. 

•  Ibid. 

^  The  following  table  gives  at  a  glance  the  most  important  results  of  theic 
experiments : 

Proportion  of  CartKmlc  Add.  Noabcr  of  RMpintkM  p«  Mbala 

5-7  per  100  pan«  of  air « 

A.^         tt         u         ii  ^ ja 

8:3        "        "        "        S4 

2^        .4        a        ii       43 

O.J       -        «       tt       g^ 
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File  absolate  quantity  of  carbonic  acid  exhaled  iu  a  given 
time  is  a  more  important  subject  of  inquirv  thnn  tbe  propor- 
tion contained  in  the  expired  air ;  for  tbe  lalter  is  conatnnt- 
Ij  varying  with  every  modification  in  tbe  number  and  ex- 
tent of  tbe  resjiiratory  acta,  and  ihe  volume  of  breathing 
air  19  subject  to  great  fluctuations,  and  is  very  difficult  of 
determination.  The  direct  method,  in  which  the  actual 
products  of  respiration  are  collected  and  estimated,  has  led 
to  very  important  results,  which  have  been  confirmed  to  a 
certain  extent  by  Bonssingault,  Barral,  and  others  who  have 
employed  the  indirect  method.  It  is  by  the  direct  method, 
in  the  hands  of  Regnault  and  Reiaet,  Acdral  and  Gavarret, 
and  more  recently  Dr.  Edward  Smith,  that  we  hare  learned 
8o  much  regarding  tlio  physiological  variations  in  the  prod- 
nets  of  respiration  ;  one  of  the  most  important  considerations 
connected  with  the  subject. 

Among  tbe  moat  reliable  observations  on  tlie  quantity  of 
carbonic  acid  exhaled  by  the  human  subject  in  a  dctiuLte 
time,  and  the  variations  to  wliii-b  it  ie  subject,  are  those  of 
Andral  and  Gavarret,'  and  Dr.  Edward  Smith.'  The  oliser- 
Tationa  of  Lavoisier  and  S^gm'n,  Front,  Davy,  Dumas,  Allen 
and  PepyiJ,  Sehailing,  and  others,  have  none  of  them  seemed 
to  fulfil  tlie  necessary  experimental  conditions  so  completely. 
tjcharling^e  method  was  to  enclose  his  subject  in  a  tight  box, 
with  a  capacity  of  about  27  cubic  feet,  to  which  air  was  con- 
Btamly  supplied;  but  tbe  observations  were  comparatively 
few,  being  made  on  only  six  jwrsons.  In  his  obseri'ations, 
tbe  quantities  of  gas  exhaled  must  have  been  cuusiderably 
modified  by  the  elevation  of  temperature  and  exhalation  of 
moisture  in  so  small  a  space.'     Tlie  mental  condition  of  the 

'  Btthtrrhet  lur  la  Quanlile  iTAcide  Cariottt^at  ahali  par  lei  Pvunt^nt  dant 
■J&pJrti/amaiM. — Anniiletdt  ChimitildiPhytipir,  8inee6ric,toinevifl.,p.  129, 
'  Edward  Shitii,  Eiprrimental  lagviriia  iaio  &e  Chemical  and  ol&er  PAmom- 
na  of  Rftpiratlon,  and  their  ifadijUatioM  by  iiariow  Phi/tieal  Agtntiri  (/Hi- 
.MopUtal  TrantacHonM,  18fi9,  p.  081] ;  tuid  On  Ihe  Afiion  ef  FomU  upon  tht 
Jt^iralion  durinp  lAe  Primari/  Proeata  of  JHgedion  (IbW.,  p.  716). 

~H  ifr  Chim.  tt  di  Phy*.,  tome  viii.,  p.  483,    Sclutrllng  mifi^iud  Ibe 
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subject  of  an  eiiperiment  has  an  iDdneiice  apoQ  tlie  jitodieti 
of  respiration,  and  the  liiiictioii  is  sonietimes  mndttiGd  from 
the  mere  fact  that  an  exi^eriinent  is  beln^  performed ;  an  in- 
fluence  which  Scharling  did  not  fail  to  recognize,  Init  wbtcb 
Ireqaeiitly  cannot  be  guarded  against. 

The  observations  of  Andral  and  Giivarret  were  nmde  on 
Bixtv-two  persons  of  both  sesea  and  different  ag^  and  under 
abaolntely  identical  conditions  as  r^anU  digestion,  time  of 
the  day,  barometric  pressure,  and  temperature.  The  prod- 
ucts of  respiration  were  collected  in  the  following  vrvf; 
A  tliin  maak  of  copper  covering  the  face,  and  large  f^ioQgU 
to  contain  an  entire  expiration,  was  fitted  to  the  faca  by 
its  edges,  which  were  provided  with  India-mbber,  w  as  to 
mate  it  air-tight.  At  the  upper  part  was  a  plate  of  giass  for 
the  admission  of  light,  and  at  the  lower  part  an  upcnhig, 
which  allowed  the  entrance  of  air,  hut  was  jirovided  with  ■ 
valve  preventing  its  escape.  By  another  opening  the  nia»k 
was  connected  by  a  rubber  tube  with  three  glass  balloons,  t%- 
pable  of  holding  8,544  cubic  inches,  in  which  a  vncitum  wts 
previously  established.  With  the  mask  fixed  upon  lite  face, 
and  a  stop-cock  opened,  connected  with  the  balloons,  so  as  to 
graduate  the  current  of  air,  the  subject  respires  fr»*Ir  in  the 
current  which  conies  from  the  exterior  into  the  receivers.  In 
this  way,  though  the  qnantity  of  air  respired  is  not  measured, 
the  vacuum  in  tlie  receivers  draws  in  the  prodncta  of  respin- 
tiou.  The  current  will  contmue  for  from  8  to  13  minotea, 
and  is  so  regulated  that  the  air  is  respired  but  once.  Tbe 
quantity  of  carbonic  acid  in  the  receivers  representx  ibo 
quantity  prodaced  daring  the  time  that  the  experiment  Hm 
been  going  on. 

By  caretully  fulfilling  ail  the  physioli^ical  conditions, 

neoMsitf  of  guudiog  itgaiiisl  tbe  influence  or  derstioa  of  tenpenRm)  ud  aK» 
raoUUaoof  inoiBtnrc,  «acl  ailemptcd  to  lemove  the  Utier  bTiiitnM]iiciiii;a  vtMtl 
ofeuliihuric  add.    HU  greatest  difficoltf  was  in  thcanatjriw  of  the  air.    Tbm^ 

tbe  results  oblaiaed  are  valuable,  tbe  ptttccJS 
bf  Andrat  and  0>Tan«t. 


regulating  tLe  namber  of  respirations,  as  fur  as  po^ible,  to 
tlie  nonntJ  standard,  different  obeerrations  on  the  eaine  sub- 
ject, at  diffi-Tent  tiuies,  under  the  eanie  conditions,  were  at- 
tended with  resaltB  so  nearly  identical,  as  to  give  every  con- 
fidence in  the  accuracy  of  the  process.  But  even  then,  theeo 
observers  recognized  snch  imnienae  variations  in  the  exhaJa- 
lion  of  carbonic  acid  with  the  constantly  varying  pliysiologi- 
eal  conditions,  that  they  did  not  feel  jnstifled  in  taking  their 
ol)eervations  as  the  basis  for  calculations  of  the  entire  quantity 
exhaled  in  the  twenty-four  hours. 

The  rcsnlts  of  these  observations  on  the  male,  between  the 
ages  of  sucteen  and  thirty,  between  1  and  2  p.u.,  under  iden- 
tical conditions  of  the  digestive  and  rauscular  sj'stems,  eauli 
experiment  lasting  from  eight  to  thirteen  minutes,  showed  an 
exhalation  of  about  1,220  cubic  inches  of  carbonic  acid  per 
boor. 

Dr.  Edwanl  Smith,'  in  his  elaborate  paper  on  the. phe- 
nomena of  respiration,  employed  a  very  vigorous  metliod  for 
the  estimation  of  the  carbonic  acid  exiialed.  lie  used  a 
mask,  fitting  closely  to  the  face,  which  covered  only  the  air- 
passages.  The  air  was  admitted  alter  being  measured  by 
paseing  through  an  ordinary  dry  gas-meter.  Tlio  expired 
air  was  passed  through  a  drj-ing  appamtns,  and  the  carbonic 
acid  absorbed  by  a  solution  of  potash,  arranged  in  a  number 
of  layers,  so  as  to  present  a  surface  of  about  700  square  inohee, 
and  carefully  weighed.  This  apparatus  was  capable  of  col- 
lecting all  the  carbonic  acid  exIialed  in  an  hour.  The  esti- 
mate was  made  for  18  waking  hours  and  fi  hours  of  sleep. 
The  observations  for  the  18  hours  were  made  on  four  persons, 
namely;  Dr.  Smith,  Eet.  3S  years,  weighing  190  pounds,  G 
feet  high,  with  a  vital  capacity  of  280  cubic  inches ;  Mr. 
Moul,  set.  48  years,  5  feet  di  inches  high,  175  pounds 
weight ;  Dr.  Murie,  let.  20  years,  5  feet  7J  inches  high,  133 
pounds  weight,  vital  capacity  250  cubic  inches;  Prof,  Frank- 
land,  set.  33  years,  5  feet  lOj'  inches  high^  and  13<S  pounds 
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weight.  Breakfast  was  taken  at  8^  a.il,  dinner  at  li,tea  at 
5|,  and  supper  at  8^  p.m.  The  observations  oocopied  ten  min* 
utes,  and  were  made  every  hour  and  halt-hour  for  18  hoiir& 
The  average  for  the  18  hours  gave  20,082  cubic  inches  of 
carbonic  acid  for  the  whole  period.  Observations  during  the 
C  hours  of  sleep  showed  a  total  exhalation  of  4,126  cubie 
inches.  This,  added  to  the  quantity  exhaled  during  the  day, 
gives  as  the  total  exhalation  in  the  twenty-four  hours,  during 
complete  repose^  24,208  cubic  inches  (about  14-24  cubic  feet), 
containing  7'144  oz.  av.  of  carbon.* 

Considering  the  great  variations  in  the  exhalation  of  car- 
bonic acid,  this  estimate  can  be  nothing  more  than  an  ap- 
proximation. One  of  the  great  modifying  influences  is  mus- 
cular exertion,  by  which  the  production  of  carbonic  acid  is 
largely  increased.  This  would  indicate  a  larger  quantity 
during  ordinary  conditions  of  exercise,  and  a  much  larg^ 
quantity  in  the  laboring  classes.  Dr.  Smith  gives  the  fol- 
lowing approximate  estimates  of  tliese  differences :  • 

In  quietude 7*144  oz.  et.  of  carbon. 

Xon-laborious  class 8*68        "  " 

Laborious  class 11*7  "  ** 

In  studvini:^  the  variations  in  the  exhalation  of  carbonic 
acid,  important  information  has  been  derived  firom  experi- 
ments by  many  observers  on  the  inferior  animals,  as  well  as 
from  the  observations  of  Dumas,  Prout,  Scliarling,  and  others 
on  the  human  subject.  The  principal  conditions  which 
influence  the  exhalation  of  this  principle  are : 

Age  and  sex ;  activity  or  repose  of  the  digestive  system ; 
form  of  diet ;  sleep ;  muscular  activity ;  fatigue ;  moisture, 
and  surrounding  temperature ;  season  of  the  year. 

*  Op.  cit.,  p.  692.  In  these  calculations  there  »  a  slight  arithmetical  efror; 
but  it  makcMi  a  dififercncc  of  onlj  40  cubic  inches  of  gas  in  the  estimate  for  the  24 
hours.  In  the  original  paper,  the  quantity  is  giren  by  wdght.  We  hare  re^ 
duced  it  to  cubic  inches,  assuming  that  100  cubic  inches  of  gas  weigh  47  26  gnizu 

»  Op.  ciL,  p.  693. 
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Infiwmce  qf  Age. — In  treating  of  the  consumptioii  of 
oxygen,  it  waa  stated  tbat  daring  the  first  few  days  of  extra- 
uterine existence,  the  demand  for  oxygen  on  the  part  of  the 
^tem  ii3  veiy  slight.  At  this  period  there  ia  a  correspond- 
ingly feehle  exhalation  of  carbonic  acid.  It  is  well  known 
that  during  the  first  hours  and  days  afler  birth  the  new 
being  has  little  power  of  generating  beat,  needs  constant 
protection  irom  changes  in  temperature,  and  the  volun- 
tary movements  are  very  imperfect.  Dnring  the  first  few 
days,  indeed,  the  infant  does  little  more  than  Bleep  and  take 
the  small  qnantity  of  colostrum  which  )8  furnished  by  tlie 
mummary  glands  of  the  mother.  While  the  animal  functions 
are  80  iinpertfectly  developed,  and  until  the  nourishment  be- 
comes wore  abundant  and  the  child  begins  to  increase  rapidly 
in  weight,  the  quantity  of  carbonic  acid  exhaled  is  very  small. 

Alter  tiie  respiratory  function  becomes  fully  estahliehed, 
it  is  probable,  from  tUo  greater  number  of  respiratory  move- 
ments in  early  life,  that  the  production  of  carbonic  acid,  in 
proportion  to  t)ie  weight  of  the  body,  \s  greater  in  infancy 
than  in  adult  life.  Direct  observations,  however,  are  wanting 
on  this  point. 

The  observations  of  Andral  and  Gavarret'  show  the  com- 
parative exhalation  of  carbonic  acid  in  the  male,  from  the  age 
of  twelve  to  eighty-two,  and  give  the  results  of  a  single  obser- 
vation at  the  age  of  one  hundred  and  two  years.  They  show 
an  increase  in  tlie  absolute  quantity  exhaled  trom  the  age  of 
twelve  to  thirty-two ;  a  slight  diminution  ii-om  thirty-two  to 
Eixty ;  and  a  considerable  diminution  from  sixty  to  eighty- 
two.     These  results  are  given  in  the  following  table : 

Cirbaalf  aciJ  tahattd  ptr  tout. 

In  bav»  from  twdre  to  sUlccn  ccara B15  cubic  incbefc 

In  joDDg  niEQ  from  kovotIccd  to  oinelcen  vcBra l.SHO     "        " 

la  men  from  ITeotj'-STe  to  thirtj-two  JCBTB... I,S43    "        " 

Id  mea  from  thirty-two  lo  ailtj  Jia« 1,220    "        " 

III  mea  from  liitjr-lliree  to  elghlj-tno  yeut 933    "        ** 

laBDoldrniiDof  onehuiulrcd  uiil  tnojcus fl7t     "        " 
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Taking  into  consideration  the  increase  in  the  weight  of 
the  body  with  age,  it  is  evident  that  the  respiratory  activitT 
is  much  greater  in  yonth  than  in  adult  life.     Andral  and 
Gavarret  do  not  give  the  weight  of  the  subjects  of  their 
observations,  but  as  the  weight  generally  does  not  diminish 
after  maturity,  there  can  be  no  doubt  that  there  is  a  rapid 
diminution  in  the  relative  quantity  of  carbonic  acid  prodaced 
in  old  age. 

Seharling,  in  a  series  of  observations  on  a  boy  nine  yean 
of  age,  weighing  48  5  pounds,  an  adult  of  twenty-eight,  and 
one  of  thirty-five  years,  the  latter  weighing  163*6  pounda, 
showed  that  the  respiratory  activity  in  the  child  was  neailj 
twice  as  great,  in  proportion  to  his  weight,  as  the  average  in 
the  adults/  It  is  seen  from  the  observations  of  Andral  and 
Gavarret,  that  the  absolute  increase  in  the  exhalation  of  ca^ 
bonic  acid  from  childhood  to  adult  life  is  very  slight  in  com- 
parison with  the  natural  increase  in  the  weight  of  the  body; 
showing  that,  proportionately,  the  exhalation  of  carbonic  acid 
is  greater  in  early  life. 

Influence  of  Sex. — All  observers  have  found  a  marked 
difference  between  the  sexes,  in  favor  of  the  male,  in  the 
proportion  of  carbonic  acid  exhaled.  Andral  and  Gavarret 
noted  an  absolute  difference  of  about  fortv-tive  cubic  inches 
per  hour,  but  did  not  take  into  consideration  the  difference 
in  the  weight  of  the  body.  Seharling,  taking  the  proportion 
exhaled  to  the  wei<xht  of  the  bodv,  noted  a  marked  difference 
in  favor  of  the  male. 

The  difference  in  the  degree  of  muscular  activity  in  the 
sexes  is  sufficient  to  account  for  the  greater  evolution  of  car- 
bonic acid  in  the  male,  for  this  principle  is  exhaled  in  pro- 

*  ^^xviLi^G^Recherchesmrla  QuaniUi  d' Acide  Carbontque ezpiri par  t Homme, 
Annak*  de  Chiiaie  et  de  Physique^  3me  s6rie,  torae  viiL,  p.  486. 

Taking  the  proportion  of  carbonic  acid  exhaled  per  hour  to  the  weight,  in 
the  man  28  yeare  of  age,  as  1,  in  the  man  85  years  of  age  the  proportion  was  1*14, 
and  in  the  boy  9^^  years  of  aj];e,  2*07.    P.  489. 
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portion  to  the  muscular  development  of  the  individual ;  but 
there  is  an  important  difference  connected  with  the  variations 
witli  age,  which  depends  upon  the  condition  of  the  generative 
sjetem  of  the  temale. 

The  absolute  increase  in  the  evolution  of  carbonic  acid 
with  i^e  in  the  female  is  arrested  at  the  time  of  puberty, 
and  remains  Btationary  during  the  entire  menstnia!  period, 
provided  tlie  menstrual  flow  occur  with  regularity.  During 
this  time,  the  average  exhalation  per  hour  is  711  cubic  inches. 
After  the  cessation  of  the  menses,  the  quantity  gradually 
increases,  until  at  the  age  of  sixty  it  amounts  to  915  cubic 
inches  per  liour.  From  the  age  of  sixty  to  eighty-two,  the 
quantity  diminishes  to  793,  and  linally  to  070  cubic  inches. 

When  the  menses  are  suppressed,  there  is  an  increase  in 
tlie  exhalation  of  carbonic  acid,  which  continues  until  the  flow 
becomes  reestablished.  In  a  case  of  pregnancy  the  exhalation 
was  increased  to  about  S35  cubic  inches.' 

Influence  of  Digestion. — Almost  all  observers  agree  that 
the  exhalation  of  carbonic  acid  is  increased  during  digestion. 
Xavoisier  and  S^guin  found  that  in  repose  and  fasting,  the 
quantity  exhaled  per  hour  was  1,210  cubic  inches;  which  was 
raised  to  1,800  and  1,900  during  digestion.'  Numerous  ex- 
periments on  animals  have  confirmed  this  statement.  A  very 
interesting  aeries  of  observations  on  this  point  was  made  by 
Vierordt  upon  his  own  person.  Taking  Iiis  dinner  at  from 
12'30  t3  1  p.  M.,  having  noted  the  frequency  of  the  pulse 
and  respirations  and  tho  exhalation  of  carbonic  acid  at  12, 
he  found  at  2  p.  m.  tiie  pulse  and  respirations  increased  in 
fre<ineucy,  the  volume  of  expired  air  augmented,  and  that 
the  caj"bonic  acid  exhaled  had  increased  from  15-77  to  lS-22 
cubic  inches  per  minute.      In  order  to  ascertain  that  this 

'Tbe  above  ficti,  Bhowingibe  peeuliuiaSuencDortbecoaditionof  Ihc^Gucro- 
liine  orgMis  in  the  female,  are  uuoog  tbe  most  iiuporUnC  tvmUbi  of  Vav  ubserfi- 
Itoni  of  Anilral  ocd  (iaviLrrct.    Lot,  dl, 

*  C^dopadia  of  Analamy  and  Fhyiiolagg,  roL  ir,,  part  l,  pp.  StS,  8* J. 
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rariation  did  not  depend  upon  the  time  of  day,  inde- 
pendently of  the  digestive  process,  he  made  a  comparison  at 
12  M.,  at  1  and  at  2  p.  m.,  withont  taking  food,  which  showed 
no  notable  variation,  either  in  the  pulse,  number  of  res[Hia- 
tions,  volume  of  expired  air,  or  quantity  of  carbonic  acid 
exhaled/ 

It  is  unnecessary  to  cite  other  observations  on  this  point, 
unless  we  mention  those  of  Prout  and  Coathupe,  whidi 
seemed  to  show  a  diminution  in  tbe  exhalation  of  carbonie 
acid  during  digestion.  Dr.  John  Beid,  in  the  Cydopmiuk 
of  Anatomy  and  Physiology^  points  out  the  source  of  error 
in  these  observations.'  Prout  did  not  estimate  the  actual 
quantity  of  gas  exhaled,  but  only  its  proportion  in  the  ex- 
pired air ;  and  it  has  been  demonstrated  that  in  digestion  the 
volimie  of  the  expirations  is  notably  increased.  Coathupe, 
in  the  observations  on  his  own  person,  took  a  pint  of  wine 
with  his  dinner.  As  it  has  been  sho^oi  by  experiment  that 
alcohol  has  the  effect  of  rapidly  reducing  the  exhalation  of 
carbonic  acid,  this  observation  does  not  represent  tlie  simple 
influenco  of  digestion. 

There  can  be  no  doubt,  theo,  that  the  exhalation  of  car 
bonic  acid  is  notably  increased  during  the  functional  activity 
of  the  digestive  system. 

The  effect  of  inanition  is  to  gradually  diminish  the  exha- 
lation of  carbonic  acid.  This  fact  was  long  since  demon- 
strated by  Spallanzani  on  caterpillars,  and  Marchand  on 
frogs;  but  observations  on  the  warm-blooded  animals  are 
more  applicable  to  the  human  subject.  Bidder  and  Schmidt 
noted  the  daily  production  of  carbonic  acid  in  a  cat  which 
was  subjected  to  eighteen  days  of  inanition,  at  the  end  of 
which  time  it  died.  The  quantity  diminished  gradually  from 
day  to  day,  until  just  before  death  it  was  reduced  a  little 
more  than  one-half.     Dr.  Smith*  noted  in  his  own  person 

•  Ci/cIop(edia  of  Anatomy  and  Phynology^  vol  iv,,  part  I,  K>.  840,  847. 
'  \\)\\.y  article  Jiefpiraiion. 

•  Op.  ft/.,  p.  696. 
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the  inSuence  of  a  fast  of  twentj-scvea  Iiours.  There  wae  a 
marked  tliininiition  in  the  quantity  of  air  respired,  in  the 
'quantity  of  vapor  exhaled,  in  tlie  niimher  of  respirations,  and 
in  the  rapiflity  of  the  pulse.  The  exhalation  of  caHjotiio  acid 
was  diminished  otie-fourtk.  Aa  interesting  poiut  iu  this 
observation  was  the  fact  that  the  quantity  ivas  as  small  four 
aQ(]  a  half  hours  ailcr  eating,  aa  at  the  end  of  the  twenty- 
seven  hours.  "An  increase  of  carbonic  acid  in  the  absence 
of  food,  at  or  near  the  period  when  it  is  usually  increased  by 
food,"  was  also  noted  in  tlio  esperiiuent  of  Dr.  Smith. 

Ij»J{ucn<v  of  Diet. — Kegnault  and  Reiaet,  in  their  experi- 
ments on  animals,  studied  the  effect  of  diScrcnt  kinds  of  diet 
upon  the  relations  of  the  quantity  of  oxygen  absorbed  to  the 
carbonic  acid  exhaled.  Ahout  the  only  conclusive  and  ex- 
tended sei-ies  of  investigations  on  the  influence  of  diet  npou 
the  absolute  quantity  of  carbonic  acid  exhaled  are  those 
of  Dr.  Smith.  This  observer  made  a  large  number  of 
exi)oriments  on  the  influence  of  various  kinds  of  food,  and 
extended  his  inquiries  into  the  influence  of  certain  beverages, 
such  as  tea,  coffee,  cocoa,  malt  and  fermented  liquors.'  We 
have  already  fiiUy  described  the  method  employed  in  these 
experiments,  and  the  conclusions,  which  are  of  great  interest 
&ud  importance,  arc  very  exact  and  reliable. 

Dr.  Smith  divides  Ibod  into  two  classes,  one  wliich  in- 
creaaes  the  exhalation  of  carbonic  acid,  which  he  calls  regpi- 
reUory  exciiunts,  and  the  other,  which  diminishes  the  exhala- 
tion, which  he  calls  noii-excitcrs. 

The  following  are  the  resnlts  of  a  large  ntunber  of  care- 
fnlly  conducted  observations  npou  tour  persons : 

"  The  exci to-respiratory  are  nitrogeneoits  food,  milk  and 
its  components,  sugars,  rum,  beer,  stout,  the  cereals,  and 
potato. 

"  The  non-exciters  are  starch,  fat,  certain  alcoholic  com- 

a  ActioB  of  Foodt  an  Me  Setinratlon  d\ai"g  M<  JVi'nmrv  Prmeuo  0/ 
.  FhilatBplilcal  TrantacUoiit,  ISBB,  p.  TIS 
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pounds,  the  volatile  elements  of  wines  and  spirits,  and  co&e 
leaves. 

"  Respiratory  excitants  have  a  temporary  action ;  bnt  the 
action  of  most  of  them  commences  very  qnickly,  and  attains 
its  maximum  within  one  honr. 

'*  The  most  powerftil  respiratory  excitants  are  tea  and 
sugar ;  then  coffee,  rum,  milk,  cocoa,  ales,  and  chicory ;  then 
casein  and  gluten,  and  lastly,  gelatin  and  albumen.  The 
amount  of  action  was  not  in  uniform  proportion  to  their 
quantity.  Compound  aliments,  as  the  cereals,  containing 
several  of  these  substances,  have  an  action  greater  than  that 
of  any  of  their  elements. 

"  Most  respiratory  excitants,  as  tea,  coffee,  gluten,  and 
casein,  cause  an  increase  in  the  evolution  of  carbon  greater 
than  the  quantity  which  they  supply,  whilst  others,  as  sugar, 
supply  more  than  they  evolve  in  this  excess,  that  is,  above 
the  basis,  l^o  substance  containing  a  lai^  amount  of  cai^ 
bon  evolves  more  than  a  small  portion  of  that  carbon  in  the 
temporary  action  occurring  above  the  basis  line,  and  hence 
a  large  portion  remains  unaccounted  for  by  these  experi- 
ments." 

The  comparative  observations  of  Dr.  Smith  upon  the  four 
persons  who  were  the  subjects  of  experiment  demonstrated 
one  very  important  fact :  namely,  that  the  action  of  different 
kinds  of  food  upon  respiration  is  modified  by  idiosyncrasies, 
and  the  tastes  of  different  individuals.  For  example,  in  ex- 
periments on  his  own  person,  certain  articles  which  were 
agreeable  to  him  excited  the  exhalation  of  carbonic  acid ;  but 
in  experimenting  with  the  same  articles  upon  Mr.  Moul,  to 
whom  they  were  distasteful,  he  found  the  respiratory  action 
diminished. 

Quite  a  number  of  obser\'ers  have  noted  the  influence  of 
alcohol  upon  the  products  of  respiration;  but  the  results  of 
experiments  have  not  been  entirely  uniform.  Prout  ob- 
served a  constant  diminution  in  the  quantity  of  carbonic  acid 
exhaled,  under  the  influence  of  alcohol.  This  has  been  confirm 
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ed  by  the  observations  of  Horn,  Vierordt,  ami  muny  ollicre ;  bat 
Hervierand  Saint-Lagcrassert  that  the  use  of  alcohol  incpenses 
the  exhalation  of  carbonic  acid.'  In  the  esperimente  of  Prout, 
a  small  quantity  of  ivine  taken  fasting  (;;iused  the  proportion 
af  carbonio  acid  in  the  expired  air  to  fall  iinmetliately  from 
4  to  3  parts  per  TOO.  During  the  four  hours  following,  it 
Oficillaterl  between  340,  3-10,  and  3.  The  administration  of 
a  second  dose,  followed  Ly  some  symptoms  of  intoxieation, 
diminished  the  proportion  to  2'70  por  100.  Dr.  Fyfo,  of 
Edinburgh,  showed  that  the  depressing  effects  of  an  alcoholic 
excess  were  continued  into  the  following  day.'  Dr.  Fj-fe  also 
noted  A  fact,  unportant  in  this  connection  ;  namely,  that  the 
prolonged  use  of  nitric  acid  and  the  condition  of  the  systeni 
induced  by  the  adminiBtrntion  of  mercurials  were  attended 
with  n  considerable  dimiuntion  in  the  daily  amount  of  cnr- 
bonicacld  exhaled  by  the  lungs.  In  addition,  Prout  demon- 
etrsted  that  the  carbonic  acid  w^s  diminished  by  the  use  of  a 
concentrated  infiieion  of  tea,  and  Horn  noted  the  same  effect 
attending  slight  narcotism  produced  by  smoking  toliacco." 

The  observations  of  Dr.  Smith,  which  were  all  made  tast- 
ing, show  a  certain  variation  in  the  effects  of  different  alco- 
holic beverages.     Eia  results  are  briefly  the  following : 

"  Brandy,  whiskey,  and  gin,  and  particularly  the  latter, 
Almost  always  lessened  the  respiratory  changes  recorded, 
whilst  mm  as  commonly  increased  them.  Hum-and-milk 
had  a  very  pronounced  and  persistent  action,  and  there  was 
no  effect  on  the  sensonum.  Ale  and  porter  always  increased 
them,  whilst  sherry  wuie  lessened  the  quantity  of  air  in- 
spired, but  slightly  increased  the  carbonic  acid  evolved. 

'  MiLSE-EDWiBDa,  rhutiotogie.  Pnrifl,  1S97,  tOBC  ii„  p.  538. 

*  Iblil.  Proat  took  cognizance  only  nf  the  proportioa  of  cDrbcmiu  tdtl  in 
Ihe  eipircJ  air,  and  not  of  the  ibaotole  quantity  exhaled  in  a  girco  lime. 

'  From  Ihc  otwerrKtions  of  Pront,  Fjfe,  Bod  Horo,  cited  above,  it  ia  phobabia 
that  tber«  are  many  medicinal  agents  capable  of  dimiuishing  the  elituinalion,  Dot 
only  of  carbonic  acid,  but  of  urea  and  olbcr  excreiDCntilious  mattere;  but  tbe 
direct  eiperimenti  upon  these  points  are  fetv,  on  aecount  of  Ibc  difficulty  iu  eati- 
mii''T'E  (be  amount  of  cihalalJon  from  tlie  lunga  for  >  Boffit^ecitl;  long  period. 


j  respiratory  action  of  rum  is  probably  not  due  to  it?  t 

i  elements."  * 

*  From  these  facts,  it  would  seem  that  the  most  eo 

I  ... 

j        j  effect  of  alcohol,  and  alcoholic  liquors,  such,  as  uiiii 

^  t  spirits,  is  to  diminish  the  exhalation  of  carbonic  acid. 

I  I  effect  is  almost  instantaneous,  when  tlie  articles  are 

I  i  into  the  stomach  fasting;  and  when  taken  with  the 

•  the  increase  in  carbonic  acid  which  habitually  aecou 
> ;  ,  the  process  of  digestion  is  materially  lessened.     Bunt 

*  ■         *  Dr.  Smith  found  to  be  a  respiratory  excitant,  is  an  ex< 

to  this  rule.     Malt  liquors  seem  to  increase  the  exhala 

. ,  carbonic  acid.     With  regard  to  alcohol    itself,   Dr. 

\  I  (                                       says :  "  The  action  of  pure  alcohol  was  much  more  to  i 

j  I  •                                        than  to  lessen  the  respiratory  changes,  and  sometiu 

J*  j  ^                                      former  effect  was  well  pronounced."  * 

I I  Eegarding  as  one  of  the  great  sources  of  carbon 
( ■:  the  development  of  this  principle  in  the  tissues,  when 
■. '  •  taken  up  by  the  blood,  Dr.  Smith  attributes  the  grate 
- 1  '                                 soothing  influence  of  tea,  coffee,  eau  aucree^  and  tlu 

\  beverages  which  he  classes  as  respiratory  excitants,  t 

:  action  in  facilitating  the  removal  of  this  principle  fr 

system.     The  presence  of  carbonic  acid  in  the  tissi 

;  in  the  blood  produces  a  sense  of  malaise^  or  dep 

■  \  which  we  should  suppose  would  be  relieved  by  an; 

'  which  facilitates  its  elimination.    It  is  undoubtedly 

■ 

definite  sense  of  discomfort  which  induces  the  act  of  s 
by  which  the  air  in  the  lungs  is  more  efiectuolly  ren 
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Apjohn  cites  an  instance  in  which  the  proportion  of  carbonic 
acid  in  tlie  expirations  was  reduced  to  2'9  parts  per  1*10  under 
the  inilncncc  of  meiitfll  depression.' 

Wo  have  already  alluded  to  tlio  modification  in  tlie  ex- 
lialation  of  carbonic  aud  produced  by  tobacco.' 

Infiiienm  of  Sleep, — All  who  have  directed  atteution  to 
the  influence  of  sleep  upon  the  respiratory  procluota  hare 
noted  a  marked  diminution  in  the  exhalation  of  carbonio 
acid;  but  we  again  recur  to  the  experimenta  of  Dr.  Smith 
for  exact  information  on  this  point.  Dr.  Smith  eetimated 
the  quantity  of  carbonic  acid  exhaled  during  six  hours  of 
sleep,  at  night,  at  4,126  cubic  inches.  According  to  tliis 
observer,  the  quantity  during  the  night  is  to  the  quantity 
daring  the  day,  in  complete  repose,  as  10  \&  to  IS.  During 
a  light  sleep,  the  exhalation  was  1032,  and  during  profound 
sleep,  0'd2  cubic  inches  per  minute. 

Wo  have  nlludefl  to  tlie  great  diminution  in  the  qnantity 
of  oxygen  consumed  in  hibernating  animals,  while  in  a  torpid 
condition.  Regnault  and  lioisct  fuuiid  that  a  marmot  in 
hibernation  consumed  only  ^  of  the  oxygen  which  he  used 
iu  his  active  condition.  In  the  same  animal  they  noted  an 
exhalation  of  carbonic  acid  equal  to  but  little  more  than  half 
the  weight  of  oxygen  absorbed ;  so  that  in  thie  condition  the 
diminution  in  the  exhalation  of  carbonic  acid  is  proportion- 
ately even  greater  than  in  tlie  consumption  of  oxygen,' 

Infiuence  of  Muscular  Activity. — All  obsen'ere,  except 
Pwnit,*  agree  that  there  is  a  considerable  increase  in  the 


'  ICnxB-EDwABiiB,  PhyMoloffii,  Mine  IL,  p,  fiSG. 

•  See  p«^  437. 

'  RroNAitLT  IT  Reiset,  Anaala  di  ChimU  tt  J»  PAftlfue,  Baa  $ttie,  lone 
Kirt,  p.  tin.  Tho  mannot  caQaumrd  in  five  daii  13,068  gmnma  of  otjgHD, 
uid  «xIiaIc<1  T.I  74  grammcB  of  carboulc  acid. 

'  Prout  onl;  ooteil  the  proportiuu  or  osrbonia  »dd  Id  Uie  tipirod  nlr;  and  oe 
iitnise  hi»  ibe  elTect  o(  immediiLtcl''  uiJ  Urgcly  increuing  Uic  nninber  of  m<pi- 
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in  one  hour  was  0*34:.'  Lavoisier  recognized  the  grea: 
fluence  of  muscular  activity  upon  the  respiratory  clii: 
In  treating  of  the  consumption  of  oxygen,  we  have  qt 
his  observations  on  the  relative  quantities  of  air  vitiate 
repose  and  activity. 

Vierordt,  in  a  number  of  observations  on  the  Lb 
subject,  ascertained  that  moderate  exercise  increased 
average  quantity  of  air  respired  per  minute  by  nearly  nint 
cubic  inches,  and  that  there  was  an  increase  of  1*197  ( 
inches  per  minute  in  the  absolute  quantity  of  carbonic 
exhaled." 

The  following  results  of  the  experiments  of  Dr.  Ed 
Smith  on  this  subject  are  very  definite  and  satisfactoir : 

In  walking  at  the  rate  of  two  miles  an  hour,  the  es 
tion  of  carbonic  acid  during  one  hour  was  equal  to  the  c 
tity  produced  during  1|  hour  of  repose,  Avith  food,  an 
liours  of  repose,  without  food. 

Walking  at  the  rate  of  three  miles  per  hour,  one 
was  equal  to  2f  hours  with,  and  3|  hours  without  food. 

One  hour's  labor  at  the  tread-wheel,  while  actuallv  i 
ing  the  wheel,  was  equal  to  4^  hours  of  rest  with  food,  \ 
hours  without  food.' 

The  various  observers  we  have  cited  have  remarked 
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ratorj  movements  and  the  quantity  of  air  passing  through  the  lozigB,  and 
have  seen  the  quantity  of  carbonic  acid  in  the  expired  air  is  incroMsed  in  ] 
tion  to  the  length  of  time  that  the  air  remains  in  the  langs,  we  *h^w  enaily 


when  mnscnlar  exertion  is  carried  so  far  as  to  produce  great 
fatigue  and  exbaastion,  the  exhalation  of  carbonic  acid  is 
notably  diininiahed. 

Irtjl'wnce  <if  Moisture  and  Tempfrahire. — Loliniaun  lias 
shown  that  the  exhalation  of  carbonic  acid  is  much  greater 
in  a  moist  than  in  a  dry  atnio&pliere.'  This  conclusion  was 
the  result  of  a  number  of  experiments  on  birds  and  animals 
contined  in  air  at  different  temperatures  and  different  degrees 
of  moisture.  He  found  that  35  J  oz.  av.  weight  of  rabbits,  at 
a  temperature  of  about  100°  Falir,,  exhaled  during  an  hour 
before  noon,  in  a  dry  air,  about  15  cubic  inches  of  carbonii-. 
acid ;  while  in  a  moist  air,  at  the  same  temperature,  the  ex- 
halation was  about  22  cubic  inches. 

Disr^arding  observations  on  the  influence  of  temperature 
in  cold-blooded  animals,  as  inapplicable  to  the  human  sub- 
ject, it  lias  been  ascertained  that  the  exiialation  of  carljonic 
acid  is  much  greater  at  low  than  at  lugh  teraperaturee,  within 
the  limits  of  heat  and  cold  that  are  easily  borne  by  the  human 
subject ;  thus  following  the  rule  which  governs  the  conRump- 
tion  of  oxygen.  Crawford,  in  his  experiments  on  animal  Iieat, 
was  the  £rst  to  call  attention  to  this  fact.'  Since  then  it 
has  been  confirmed  by  numerous  observations  on  autmals. 

The  experiments  of  Vierordt  on  the  human  subject  show 
that  tliere  is  an  increase  in  the  exhalation  of  carbonic  acid  of 
about  one-sixth,  under  the  influence  of  a  moderate  diminution 
iu  temperature.  In  these  observations,  the  low  temperatures 
ranged  between  ST'S"  and  59°,  and  the  high  temperatures  be- 
tween 60-5°  and  75'5°  Fahr.  Ho  found  the  quantity  of  air 
taken  into  the  Inngs  slightly  increased  at  low  temperatui-es. 
The  absolute  quantity  of  carbonic  acid  exhaled  per  minute 
Traal8'27  cubic  inches  for  tho  low  temperatures,  and  15*73 
cubic  inches  for  the  high  temperatures.' 

'  LKtI]ii!tN,  Ph^iologital  C/uniihtry,  rbilndclphu,  18SS,  vol.  IL,  p.  M. 
*  TilLytrSnwAtDS,  op.  etL.  p.  54S. 
■  Ibid.,  p.  531. 
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Influence  of  th  Sccwm  of  the  Tear. — It  baa  be«| 
well  establislied  by  tbe  researohes  of  Dr.  Smitli,  " 
u  the  season  of  tbe  greatest,  and  fail  the  eeaeou  of 
activity  of  tlie  respiratory  ftinction. 

Tbe  montbaof  maximniii  are:  Janaary,  FebnuiyjJ^ 
and  April. 

Tbe  tnontbs  of  minimum  are:  Julj**  Aagttst,ndiq 
of  September. 

The  nionths  of  decrease  are :  June  and  July. 

Tlie  montbs  of  increase  are:  October,  Noreoibi^] 
December.' 

W.  F.  Edwards,  in  1919,  ehowed  in  a  marked  at 
this  influence  of  thp  seasons  upon  tbe  respiratory  plKM 
in  birds.  In  a  scries  of  very  curious  observatiane^  irW 
repeatedly  yerified,  it  was  demonstrated  that  the  ramm 
the  activity  of  respiration  during  tbe  winter  was  to  aa 
extent  independent  of  the  immediate  influence  wf  (bi 
rounding  temperature.  In  the  month  of  Janaarj"  beeoi 
six  yellow-hammers  in  a  receiver  containing  71*-4cuIbciI 
of  air,  cariying  the  temperature  to  from  69*  t«  TO"! 
Tlie  mean  duration  of  their  life  was  62  minutes  3S  Mi 
In  the  mouths  of  August  and  September  be  repeated  fit 
perimeiit  on  tiiirlcen  Ijinin  of  tiic  Baiiio  gpecie?",  at  \\n  -- 
tumiHTuture.     The  mean  duration  of  life  ^-as  Si!  ininat? 

Tiicse  experiments  have  an  important  bearing  ktl 
views  (.'oueeruing  the  essential  nature  of  the  respiralun  i^ 
tion.  They  ecsm  to  indicate  tliiit  tbe  respiratory  jFr^frs 
are  intimately  connected  with  nutrition.  Like  tbe  uiLc: 
tritivc  plienumenii,  they  uiidoubtcJly  vary  at  difi'erem  j 
sons  of  tlie  yciir,  and  are  to  a  certain  extent  indci*eni!ii.' 
Budduu  and  transitory  conditions.  During  tbewinttr.  tt 
air  is  liiibltually  used  tlian  in  summer,   and   tbe  rtspir- 


•Il..u,.w  J.:  ac;.iW.ia  iV> 
F^H^li'liyle,  ISRI),  lome  iiJ.,  p.  OI'J. 

p,  200. 


n  -i 


EELATIOSS   BETWEES    OSYQES   AND  CARBONIC  ACID.      443 

proceseea  cannot  lie  immediately  bronglat  down  to  the  fiuin- 
raer  standard  by  a  mere  elevation  of  temperature. 

Observations  on  tlie  influence  of  baromBtric  pressure  are 
not  sufficiently  definite  in  their  resalts  to  warrant  any  exact 
couchiBionB. 

Some  pliyBwiogists  have  atteinpted  to  fix  certain  lionrs  of 
the  day  when  tbe  e^alation  of  carbonic  acid  is  at  its  maxi- 
tunin,  or  at  its  minimum ;  but  the  respiratory  activity  is  in- 
flaenced  by  siieli  a  variety  of  conditions,  that  it  is  impossible 
to  do  this  with  any  degree  of  accuracy. 


Jielations  betioeen  the  Quantity  of  Oxygen  conawyned  and  the 
Quantity  of  Carhonia  Acid  exhaleti. 

Oxygen  unites  with  carbon  in  certain  proportions,  to  form 
carbonic  acid  gas,  the  volume  of  which  is  precisely  equal  to 
the  volume  of  the  oxygen  which  enters  into  its  composition. 
In  Btudying  the  relations  of  the  volumes  of  these  gases  in 
respiration,  we  have  a  guide  in  the  comparison  of  tlio  volumes 
of  the  inspired'and  expired  air.  It  is  now  generally  recog- 
nized that  the  volume  of  air  espirod  is  lesa,  at  an  equal  tem- 
perature, than  the  volume  of  air  inspired.  Assuming,  then, 
that  the  changes  in  the  expired  air,  as  regards  nilmgcn,  and 
all  gases  except  oxygen  or  carbonic  aeid,  are  insignificant,  it 
must  be  admitted  that  a  certain  quantity  of  the  oxygen  eon- 
enmed  by  tlie  economy  ia  unaccounted  for  by  the  oxygen 
which  enters  into  the  composition  of  the  carbonic  acid  ex- 
haled. AVe  have  already  noted  that  from  ^^  to  -^,  or  about 
1*4  to  2  per  cent,  of  the  inspired  air  is  lost  in  the  lungs; '  or 
it  may  be  stated,  in  general  terms,  that  the  oxygen  absorbed 
is  equal  to  about  five  per  cent,  of  the  volmne  of  air  inspired, 
and  the  carbonic  acid  exhaled  only  about  four  per  cent.  A 
certain  amount  of  the  deficiency  in  volume  of  the  exph«d  aii 
"^^en  to  be  accounted  for  by  a  deficiency  in  the  e^iakticn 

Hfbonic  acid. 

'  Mdt  page  4DS. 
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The  experiments  of  K^nault  and  Keiset,  to  m\ai' 
qnent  reference  has  been  made,  have  a  most  importntti 
ing  on  tlie  queetion  under  consideration.  Ab  these 
were  nble  to  carefiilly  measure  the  entire  quantiliea(rf«|; 
consumed  and  carbonic  acid  produced  in  a  given  b' 
relation  between  the  two  gases  was  kept  oonstantl» 
They  found  great  variations  in  tliia  relation,  mainly 
upon  the  regimen  of  the  animal.  The  total  loes  of  «) 
was  found  to  be  mneh  greater  in  camivoroas  thau  bW 
oroud  animals  j  audio  animals  that  could  be  eubjal):^' 
mixed  diet,  by  regulating  the  food,  this  was  made  U>\tn\ 
tween  the  two  extremes.  The  mean  of  seven  exp 
dogs  showed  that  for  every  1,000  parts  of  osygen 
745  parts  were  exhaled  in  the  form  of  carbonic  add.  fa 
experiments  on  rabbits,  the  mean  was  919  for  ermll 
parts  of  oxygen." 

In  animals  fed  on  grains,  the  proportion  of  carlMOiiri 
exhaled  was  greatest,  sometimes  passing  a  little  hei^ooii 
volume  of  oxygen  consumed. 

"  The  relation  is  nearly  coustaut  for  animals  of  Uiti 
species  which  are  subjected  to  a  perfectly  uniform  i^ 
tion,  aa  is  easy  to  realize  as  regards  dogs  ;  but  it  varisK 
aMy  ill  iiuiiiiuls  of  tlie  snnie  p[iei-ii's,  and  iij  the  SiUuv  ;iri'i_l 
submitted  to  the  saiiic  i-cgimi^ii,  hut  in  which  we  eaiiin'''. 
nlute  the  uliiuerittitiou,  .is  in  linvls.'" 

"Wlien  liorbivorouri  aninitiU  were  entirely  deprived  ui:^^^. 
the  relation  between  the  gii&L'^wiis  thur^iinic  as  in  camitiTi 
auiniaU. 

The  tiiial  result  of  tlic  experiments  of  licguault  l. 
Eeiset  W115.,  that  the  "  relation  between  the  oxy^n  eontahr 
in  tlie  carbonic  acid  and  the  total  oxygen  consumed,  \ir.± 
in  the  same  animal,  from  0"0^  to  l""04,  according  to  the  n; 
men  to  whith  ho  is  subjected." 
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These  obfiervationa  on  nnimals  hnve  been  continued  in 
the  human  subject  by  M.  Doyt-re,  who  fonnd  a  great  varia- 
tion in  the  relations  of  the  two  gases  in  respiration ;  the  vol* 
nme  of  carbonic  acid  exhaled  varying  between  JOST  and 
0-&G-2  for  1  part  of  oxygen  coneumed.' 

The  destination  of  tlie  oxygen  wliich  ia  not  represented 
in  the  carbonic  acid  exhaled  ia  obacure.  Some  have  tiioiight 
that  it  unites  with  hydrogen  to  form  water ;  but  there 
is  not  Gufficient  evidence  of  the  formation  of  water  in  the 
economy,  for  researches  have  failed  to  show  that  there  la 
more  thrown  off  from  the  body  than  is  taken  in  with  food 
and  drink. 

The  variations  in  the  relative  volumes  of  oxygen  con- 
sumed and  carbonic  acid  produced  in  respiration  are  not 
favorable  to  the  hypothesis  tliat  tlie  carbonic  acid  is  the  re- 
sult of  a  direct  action  of  oxygen  upon  carbonaceons  matters. 
We  should  hardly  expect  a  delinite  relation  to  exist  between 
theee  two  gases  in  respiration,  when  vre  find  carbonic  acid 
exhaled  in  the  absence  of  oxygen,  as  has  T)een  eliown  by  the 
experiments  of  W.  F.  Edwards  and  Geo.  Liebig. 

Sources  of  Carbonic  Add  in  the  Ecpired  Air. — All  the 
carbonic  acid  in  the  expired  air  comes  from  the  venous  blood, 
where  it  exists  in  two  forma :  in  a  tree  state  in  simple  solution, 
or  at  least  in  a  state  of  very  feeble  combination,  and  in  union 
with  bases,  forming  the  carbonates  and  bicarbonates.  That 
which  exists  in  solution  in  the  blood  is  simph-  displaced  by 
the  oxygen  of  the  air  and  exhaled.  The  alkaline  carbonates 
and  bicarbonates  of  the  blood,  coming  to  the  lungs,  meet 
with  pneumic  acid  (discovered  by  Verdeil  in  1851),  and  are 
decorajwsed,  giving  rLse  to  a  further  evolution  of  gas.  It  is 
pneumic  acid  which  gives  tlie  constant  acid  reaction  to  the 
tissue  of  the  lungs.  This  principle  is  found  in  tbe  pnlmo- 
auy  parenchyma  at  all  [>eriods  of  life,  from  which  it  may 
itractcd  by  the  proper  manipulations,  and   obtained 

'  Uuse-Eowiiun,  Fkj/noloj^it,  lome  iL,  p.  EM. 
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in  a  crrstalline  form.  Its  qaantity  is  not  verj  gre«L  Ha 
lutig^  of  a  female  vho  snflcrcd  death  \iy  decapitatinD  con- 
tained aliont  0'77  of  a  grain.' 

Tlie  action  of  janeiimic  acid  tipon  the  bicarbonates  in  the 
blood  is  exemplified  in  »  marked  manner  b^  certain  pipcii- 
ments  of  Bernard.  When  bicarbonate  of  sfida  is  injected 
into  the  jugidar  of  a  linng  animal,  a  rabbit,  lor  example,  it 
is  decomposed  as  fast  as  it  gets  to  the  lunge,  and  carhonia 
acid  is  evolved.  This  experiment  prodnces  no  incoD^TiiieiiM 
to  tbo  animal  when  the  bicarbonate  is  introdnced  slowly ;  but 
when  it  is  injected  in  too  great  quantity,  the  cvolatioa 
of  gas  in  the  lungs  is  so  great  as  to  fill  the  palmonary  etmo 
tnre  and  even  the  heart  and  great  veffiels,  and  death  is 
result.' 

Exhalation  of  Watery  Yajpor. — The  fact  that  the  expired 
air  contains  a  considerable  quantity  of  watery  vapor  haft  long 
been  recognized ;  and  most  of  the  earlier  experimenters  vim 
directed  their  attention  to  the  phenomena  of  respiration 
made  the  estimation  of  the  quantity  exhaled,  and  the  Uwi 
which  regulate  pulmonary  transpiration,  the  subject  of  ia 
vestigation.  It  is  evident  that  there  must  be  many  oP- 
cumetances  materially  influencing  this  process,  ench  bb  Um 
hygrometric  condition  of  the  atmosphere,  temperature^  exi 
tent  of  respiratory  surface,  etc.,  which  are  of  snBicient  impor 
tance  to  demand  special  consideration.  In  many  points  od 
vif  w,  also,  it  is  interesting  to  know  the  absolute  quantity  et 
exhalation  &om  the  lungs. 

'  ItoBixauU  TnuJKiL,  ChtmU  Anattmiijw  et  Fhytidogiqttt^Tan*,  ISSl,  ton 
il,  p.  4au. 

'  Op.til.,  tome  L,  p.  ICS  These  GiperimenlE  referred  tollic  d»conipo«tian tl 
cvtoiil-?  or  tKitusiuni  iu  Uie  luDgs,  u  veil  ks  li<cirlian»l«  of  *oila.  Tiitj  *a 
f  ubUihcil  in  tlie  Arrhun  Glntraltt  in  1848,  before  tlw  iigeorvff  of  pMnMl 
■cid,  uiil  BpnunI  ciprcssed  lutprise  that  tbe  two  subalauoea  ciperinunleil  ^<i 
which  reiiuired  an  add  for  lluir  decompositioti,  aliould  be  decompwed  tat  m  ^ 
kaline  Quid  like  (be  blood.  Thoogh  nude  •rithout  a  knowledge  of  lltB 
of  pncumic  acid,  the  obeemtlons  none  the  less  iUottnted  ita  phj- 


IZKIL^TIOH  OF  VATEBT  TAFOB. 

"Wlien  tlie  eurronnding  atmoepliere  has  a  teniiierature  below 
40°  or  43°  Falir.,  a  distinct  cloud  is  produced  hy  the  coiidensa- 
tion  of  the  vapor  of  tbe  breath.  By  breathing  upon  any 
poliebcd  surface,  it  ismomentariijrtaniishedbythecondemed 
luoUturo.  Though  the  fact  that  watery  vapor  is  coutaiiicd  in 
tlie  breath  is  thus  easily  demonstrated,  the  estimatiiLm  of  its 
absolute  quantity  presents  difficulties  which  were  not  overcome 
by  the  older  physiologists.  Hales  collected  the  vapor  of  the 
breath  by  expiring  through  wood  ashes,'  which  was  the  first 
ntteuipl  to  estimate  the  amount  of  this  exhalation  by  absorp- 
tion. With  tbe  present  improved  methods  of  analysis  there 
are  many  very  accurate  means  of  estimating  watery  vapor. 
One  method  is  by  tlie  use  of  Liebig's  hulba  tilled  with  sul- 
pbnric  acid,  or  tubes  tilled  with  chloride  of  calcium,  both  yf 
which  articles  have  a  great  avidity  for  water.  From  a  large 
number  of  observations  on  his  own  person  and  eight  others, 
collecting  the  water  by  sulphuric  acid,  Valentin  makes  the 
fbllowing  estimate  of  the  weight  of  water  exhaled  from  the 
hinge  in  twenty-four  hours : 

In  his  own  peraou,  the  exlialation  in  24  lionrs  was  6,055 
grains. 

In  a  young  man  of  oinall  size,  the  qnantity  waa  5,042 
grains. 

lu  a  student  rather  above  the  ordinary  height,  the  quan- 
tity was  11,930  grains. 

The  mean  of  his  observations  gave  a  daily  exhalation  of 
8,333  grains,  or  about  1}  lb.  av.'    - 

'  ILU.IS,  Slalical  Ettayt,  Loadoii,  USD,  tdL  ii.,  p.  8'JS.  Sonclorius,  in 
lelt,  w«a  Ihe  flrst  (UiijiB-EDWiiiDs,  PhytioUgie,  »oL  H.,  p.  002)  to  Btlempt  tho 
CMimuion  of  (be  e:ihalBlIoii  of  Tapor  of  water  rrom  the  bod;  by  comparing  ilis 
giln  in  v«1glil  due  to  the  ii^oation  ef  alimenta  with  tlie  luM  'by  irxta^xn&oa. 
W(  t>MH  ovur  the  eslinuitcs  of  Lavoisier  Dud  S^guin,  Kuill,  Abcnielhr,  and 
othtn,  and  gire  etdj  ilie  more  cxict  reaulta  obloinud  b;  Valentin.  Dullon, 
Mtimatliig  the  quanlit]'  of  air  pualng  through  the  luDgt  In  mpi  ration,  nnd  as- 
ntiniDg  Ihjit  it  pusfS  out  of  the  lungs  utuntlcd  with  nklorj  vapor,  makes  an  a- 
tinwte  of  the  lut.i1  cihiUatioo  in  tho  IneDtj-four  boair,  «liii.'h  coireipoucld  prtllf 
bIomI;  with  the  rcculta  eblaiaed  bj  Vilunlin. 

*  MiL5i-£DWA)uia,  op.  eiL,  p.  tt\. 
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The  extent  of  respiratory  surface  lias  a  very  marked  in- 
fluence on  the  quantity  of  watery  vapor  exhaled.  This  fiict 
is  very  well  shown  by  a  comparison  of  the  exhalation  in  the 
adult  and  in  old  age,  when  the  extent  of  respiratory  suiiaoe 
is  much  diminished.  Barral  found  the  exhalation  in  an  old 
man  less  than  half  that  of  the  adult.* 

It  is  evident  that  the  absolute  quantity  of  vapor  exhaled 
is  increased  when  respiration  is  accelerated. 

The  quantity  "of  water  in  the  blood  also  exerts  an  impo^ 
tant  influence.  Valentin  found  that  the  pulmonary  transpin- 
tion  was  more  than  doubled  in  a  man  immediately  after  drink- 
ing a  large  quantity  of  water.* 

The  vapor  in  the  expired  air  is  derived  from  the  entire 
surface  which  is  traversed  in  respiration,  and  not  exclusively 
from  the  air-cells.  The  air  which  passes  into  tlie  lungs  de- 
rives a  certain  amount  of  moisture  from  the  mouth,  naies, 
and  trachea.  The  great  vascularity  of  the  mucous  membnmeB 
in  these  situations,  as  well  as  of  the  air-cells,  and  the  great 
number  of  mucous  glands  which  they  contain,  serve  to  keep 
the  respiratory  surfaces  continually  moist.  This  is  important, 
for  only  moist  membranes  allow  the  free  passage  of  gases, 
which  is  of  course  essential  to  the  process  of  respiration. 

Exhalation  of  Ammonia, — Tlie  most  recent  and  extended 
observations  on  the  exhalation  of  ammonia  by  the  lungs,  are 
those  of  Dr.  Eichardson,  to  which  we  have  already  alluded 
ill  treating  of  the  coagulation  of  the  blood.  In  more  than  a 
thousand  experiments,  made  upon  persons  of  both  sexes,  and 
on  various  of  the  inferior  animals,  with  but  one  exception,  a 
notable  quantity  of  ammonia  was  found  in  the  expired  air. 
Dr.  Eichardson  found  the  quantity  very  variable  at  diflFerent 
times  of  the  day.     At  certain  periods  it  is  absent. 

*  Milxe-Edwards,  op.  dt.j  p.  625,  note. 

'  Ibid.,  p.  007,  note.  It  has  not  been  thought  necessary  to  discuss  the  In 
fluonces  of  dry  and  moist  atmosphere,  barometric  pressure,  and  tempentnre, 
which  are  purtly  physical  in  their  character. 
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In  a  number  of  observations  made  on  liis  own  person,  the 
following  variations  were  noted :  ^ 

On  rising  in  the  morning,  after  a  sound  night's  rest,  tlio 
breath  contained  no  ammonia. 

In  the  evening,  when  fatigued  and  exhausted,  and  after 
exercise,  the  exhalation  was  generally  considerable. 

During  a  high  temi)erature  the  exhalation  is  considerable, 
especially  after  exercise;  but  during  cold  weather  the  exha- 
lation is  very  slight,  or  it  may  be  absent  altogether. 

The  amount  of  ammonia  exhaled  is  greatest  at  the  end 
of  an  expiration.  If  short  and  rapid  expirations  be  made, 
the  exhalation  ceases  until  the  respirations  become  deeper 
and  more  prolonged. 

Ammonia  has  long  been  recognized  as  an  exhalation  from 
the  human  body  in  health,  from  the  skin  as  well  as  the  lungs. 
Dr.  Richardson  calls  attention  in  his  essay  to^  the  observa- 
tions of  Mr.  Beade,  Dr.  Eeuling,  Viale  and  Latini,  and 
others  on  this  subject.  Eeuling  has  shown  that  the  quantity 
of  ammonia  in  the  expired  air  is  increased  in  certain  diseases, 
particularly  in  uremia.*  Its  characters  in  the  expired  air 
are  frequently  so  marked,  that  patients  who  are  entirely 
unacquainted  with  the  pathology  of  uremia  sometimes 
recognize  an  ammoniacal  odor  in  their  own  breath. 

Exhalation  of  Orgastic  Matter^  etc. — The  pulmonary  sur- 
face exhales  a  small  quantity  of  organic  matter.  This  has 
never  been  collected  in  suflScient  quantity  to  enable  us  to 
recognize  in  it  any  peculiar  or  distinctive  properties,  but  its 
presence  may  be  demonstrated  by  the  fact  that  a  sponge 
completely  saturated  with  the  exhalations  from  the  lungs,  or 
the  vapor  from  the  lungs  condensed  in  a  glass  vessel,  will 
undergo  putrefaction,  a  property  distinctive  of  organic  sub- 
stances. 

It  is  well  known  that  certain  substances  which  are  onlv 

*  The  Catue  of  the  Coagulation  of  the  Bloody  London,  1857,  p.  360  €t  seq, 
'  InLsmiANN^s  Phyeiological  ChcmUtry^  Philadelphia,  1865,  vol.  ii.,  p.  434. 
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occaEionally  fonnd  in  the  blood  may  be  oliminatei 
lungs.  Alcohol  is  partly  removed  from  the  kj^Im 
way;  and  its  presence,  with  certaiu  odorona  ytiti 
the  breath  is  pretty  constant  in  those  who  t«l>e  li| 
bitually  in  considerable  quantity.  The  odor  of  gariilj 
turpentine,  and  many  of  Jier  principles  ■which  aro  U 
the  etomacli,  may  be  recognized  in  the  expired  i 
lunga  are  among  the  important  oi'gans  for  the  eliial 
foreif^n  matters  from  the  system. 

The  action  of  the  lungs  in  the  eliiaination  of  oeiil 
which  are  poisonous  in  very  small  quantities  whenl 
absorbetl  in  the  lungs  and  carried  to  the  general  % 
the  arterial  blood,  is  very  well  shown  by  the  expcri 
Bernard.  Sulphuretted  hydrogen,  which  produco^ 
a  bird  when  it  exists  in  the  atmosphere  in  the  prop 
1  to  800,  may  be  talcen  into  the  stomach  in  soJnl 
impunity,  and  even  be  injected  into  the  venous  sji 
both  instances  being  eliminated  by  the  Inngs  wj 
promptness  and  rapidity.'  Nysten  sliowed  that  the 
oxide,  one  of  the  most  violent  and  rapid  ia  its  eflfecil 
of  the  poisonous  gases  when  inhaled,  could  be  inja 
the  veins  with  impunity,  by  simply  taking  care  to  1 
it  only  li.  nii>;,lly  ii.  it  i:;  !i1>sovIk.1  by  flic  M.n.J.' 

Till!  hiiii^s,  tliL-ii,  whilu  tliL-y  present  ;in  iumifu^t^ 
iiily  iibsMrliiiij;  snrfuco  for  v^llutiIc  puisuiums  snbrta 
cupaltli-  iif  rt'licvini;  llic  syptciii  of  toiiie  cV  tlio.-e  .-ii 
l.v  (.■xliiiliitioii.  wh.-H  tl.i'v  iiiiit  Ihfir  wtiv  into  the  vt; 


■  lli:i.s.uirp,  L,['>...'!  siu-  hs  rj.l-i .!,»  >■«'■./. rnc,<  T-jxh^-u.-s  ft  J/,  I. 
I'liria,  ]  8r,T,  p  TiS,  lij  md  (iipniiHKirt,  un  li.  Jop  of  nioJiiim  siii',  in;>,Tl 
I'lure  tlmii  n  fl'i"!  ilra(;h:ii  cil'  whUt  siiiirriileJ  wiilisuIphUTL-ltcil  liyJt.< 
juft'iliir  vein,  tlif  ^n^  n-.i;  [li')(:[:k"i  .ilinnsl  ijiitantly  in  the  cxplr^l  i 
niiiiuAl  aiiOi'i'C'I  i."  ii'  \t\-  nl'  ^.-  i'.i  ici  iliff  opcratiun.  Tlic  ^as  af.j«' 
liniiilli  in  fiili-ii.'  ■' '  ■  I  ii  I'U  nn  (lUiicU  of  llie  solution  * 
IntOlliuTKi-iiii.i      V.     ■  ,  ..  h  iiillitil  :lic cipeiimeiil  of  Btmi 

Ili«a1inii-t  i(i-n:.i  ■  ■  ■  ■■I  "f  iljis  pis  Irf  llic  luugs,  s-faeii  ii 
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xhalatlon  of  Nitrogen. — The  latest  and  most  accurate 
:  experiments,  particularly  those  of  Begnault  and  Beif^t, 
that  the  exhfdation  of  a  small  quantity  of  nitrogen  is  a 
V  constant  respiratory  phenomenon.  From  a  large  num- 
*  experiments  on  dogs,  rabbits,  fowls,  and  birds,  these  ob- 
rs  came  to  the  conclusion  that  when  animals  are  subject- 
their  habitual  regimen,  they  exhale  a  quantity  of  nitrogen 

in  weight  to  from  -^  to  ^  of  the  weight  of  oxygen 
med.  In  birds,  during  inanition,  they  sometimes  observ 

absorption  of  nitrogen,  but  this  was  rarely  seen  in  mam- 
'  Boussingault,  by  the  indirect  method,  estimating  the 
;en  taken  into  the  body  and  comparing  it  with  the  en- 
[uantity  discharged,  arrived  at  the  same  results  in  ex- 
lents  upon  a  cow.*  Barral,  by  the  same  method,  con- 
d  these  observations  by  experiments  on  the  human 
ct/ 

I  spite  of  the  conflicting  testimony  of  the  older  physi- 
5ts,  there  can  now  be  no  doubt  that,  under  ordinary 
ological  conditions,  there  is  an  exhalation  by  the  lungs 
jmall  quantity  of  nitrogen. 

EONAULT  and  Reiset,  op,  city  Annalet  de  Chimie  et  de  Phytiquf^  8me 

omo  xxTU,  pp.  610,  511. 

3rssiN0AULT,  MimoirtM  dt  Chimie  AgricoU  H  de  Ph^ologie^  Parif,  1864, 

:4. 

)xarr,  Phyeidlwj^e^  Paris,  i861,  tome  i.,  p.  643. 


ocABaionall;  foiind  in  the  blood  may  be  eliminated ' 
lungs.  Alcohol  is  partly  removed  from  the  sjBtera 
way;  and  ita  presence,  with  certain  odorous  prine^ 
the  breath  is  pretty  constant  in  those  who  take  liqu 
bitually  in  considerable  qnaiitity.  The  odor  of  g^lics,< 
torpentine,  and  many  other  principles  which  aretah 
the  Btomach,  may  be  recognized  in  the  expired  ait 
lungs  are  among  the  importiint  oi'gans  for  tlie  elirain^ 
foreign  matters  from  the  systein. 

The  action  of  tlie  lungs  in  the  elimination  of  certail 
which  are  poisonous  in  very  email  quantities  when  tl 
absorbed  in  the  lungs  and  carried  to  the  general  Bjl 
the  arterial  blood,  iB  very  well  shown  by  the  experim 
Bernard.  Sulphuretted  hydrogen,  which  produces  dl 
a  b  d  when  t  exi  ts  n  the  a  osf  I  ere  n  the  j  ropw 
1  to  500  n  av  I  e  taken  nto  1  e  t  mach  n  solatia 
n  I  im  t  and  e  n  be  nje  ted  n  o  the  venous  sjsfc 
hotl  n  tances  be  no-  ehm  na  ed  1 }  the  I  nga  w  & 
1  romj  tnesB  and  rap  d  tv  Jiyeten  showed  that  the  et 
ox  de  one  ot  tl  e  most  violent  an  J  p  d  n  ts  effects 
of  the  po  BonouB  gaees  nhen  mhaletl  could  be  inject 
the  vems  with   mpun  ty  b    b     ^  ly  tak  ng  care  to  ml 
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EXnALATIOK  OF  NITROGEN.  451 

Exhalation  of  Nitrogen. — The  latest  and  most  accurate 
Iirect  experiments,  particularly  those  of  Begnault  and  Reiset, 
how  that  the  exhalation  of  a  small  quantity  of  nitrogen  is  a 
>retty  constant  respiratory  phenomenon.  From  a  largo  num- 
>er  of  experiments  on  dogs,  rabbits,  fowls,  and  birds,  these  ob- 
erv'ers  came  to  the  conclusion  that  when  animals  are  subject- 
jd  to  their  habitual  regimen,  they  exhale  a  quantity  of  nitrogen 
jqual  in  weight  to  from  -^  to  ^  of  the  weight  of  oxygen 
jonsumcd.  In  birds,  during  inanition,  they  sometimes  observ 
mI  an  absorption  of  nitrogen,  but  this  was  rarely  seen  in  mam- 
nals.'  Boussingault,  by  the  indirect  method,  estimating  the 
utrogen  taken  into  the  body  and  comparing  it  with  the  en- 
ire  quantity  discharged,  arrived  at  the  same  results  in  ex- 
periments upon  a  cow.*  Barral,  by  the  same  method,  con- 
irmed  these  observations  by  experiments  on  the  human 
iubject.* 

In  spite  of  the  conflicting  testimony  of  the  older  physi- 
)logists,  there  can  now  be  no  doubt  that,  under  ordinary 
physiological  conditions,  there  is  an  exhalation  by  the  lungs 
)f  a  small  quantity  of  nitrogen. 

'  Regnault  and  Reiset,  op.  cit.^  AnnaUs  de  Chimie  et  de  Phyniqite^  8me 
erie,  tomo  xxvi.,  pp.  610,  611. 

*  BoussixoAULT,  Mimo\re9  de  ChlmU  AgricoU  et  de  Phynologiey  Parij^,  1864, 
)p.  1-24. 

•  LoNQET,  Phjeijblogie^  Paris,  iSOl,  tome  i.,  p.  843. 
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DiSbrence  in  color  between  trteriAl  and  rcnous  blood — CompuiMl 
In  venous  *nd  Brteriol  blood — Obseirftliona  of  Hagnoa — AnaJnl 
for  gases — BdatiTa  qaimtities  of  oirgen  and  carbonic  «cid  ia  I 
tctiul  btood>-Nitrogcn  of  tho  blood — Condition  of  (he  gases  il 
Uecbimiam  of  tha  ialcn^nnge  of  gases  between  the  blood  and' 
lungi — General  differences  In  the  compositioQ  of  arterial  and  n| 

It  13  to  Le  expected  thattlie  blood,  receiving  q 
hand  all  the  products  uf  digeatioD,  and  on  the' 
products  of  dcgtrnctive  assimilation  or  decaj  of  f 
connected  n-ith  the  lymphatic  Byetem,  and  expoj 
action  of  flie  air  in  tlie  Innjrs,  shoTild  present  imp 
ferciicca  ill  (.'Oiii position  in  d itiiTeiit  piirts  of  iLi 
eystem. 

In  tlic  first  place,  tlicre  is  a  martcd  differcnL-i 
composition,  and  jiroperties,  between  the  bloi.nl  ii; 
rica  and  in  the  vt'lns;  the  change  from  venous  t 
Mood  being  efFeeted  alnio.st  instantaneouolv  in  il 
tlirougli  fbe  lungs.  TIjg  lilood  which  goes  to  the 
niixtiira  of  the  llnid  cullectt'd  from  all  parts  of  t 
and  we  hiive  seen  that  it  presents  great  ditibrcn 
CO  in  posit  ion  in  different  parts  of  the  venous  sv: 
some  veins  it  is  almost  Mack,  and  in  some  ncarlv  a; 
the  arteries.  In  the  hepatic  vein  it  contains  snira 
fibrin,  albumen,  and  coi'pn=elos  are  diminished  ;  in  1 
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JEchalation  of  Nit/rogen, — The  latest  and  most  accurate 
direct  experiments,  particularly  those  of  Eegnault  and  Eeiset, 
bLow  that  the  exhalation  of  a  small  quantity  of  nitrogen  is  a 
pretty  constant  respiratory  phenomenon.  From  a  large  num- 
ber of  experiments  on  dogs,  rabbits,  fowls,  and  birds,  these  ob- 
servers came  to  the  conclusion  that  when  animals  are  subject- 
ed to  their  habitual  regimen,  they  exhale  a  quantity  of  nitrogen 
equal  in  weight  to  from  -^  to  ^  of  the  weight  of  oxygen 
consumed.  In  birds,  during  inanition,  they  sometimes  observ 
ed  an  absorption  of  nitrogen,  but  this  was  rarely  seen  in  mam- 
mals.' Boussingault,  by  the  indirect  method,  estimating  the 
nitrogen  taken  into  the  body  and  comparing  it  with  the  en- 
tire quantity  discharged,  arrived  at  the  same  results  in  ex- 
periments upon  a  cow.*  Barral,  by  the  same  method,  con- 
firmed these  observations  by  experiments  on  the  human 
subject.' 

In  spite  of  the  conflicting  testimony  of  the  older  physi- 
ologists, there  can  now  be  no  doubt  that,  under  ordinary 
physiological  conditions,  there  is  an  exhalation  by  the  lungs 
of  a  small  quantity  of  nitrogen. 

'  RxoNAULT  and  Reiset,  op,  cit.y  Annalea  de  Chimie  el  de  Physique^  3me 
B^rie,  tome  xxvL,  pp.  610,  611. 

*  Boussingault,  Memoirei  de  Chimie  Agricole  et  de  Physiologie^  Paris,  1854, 
pp.  1-24. 

*  LoMOET,  Ph}f9idlogie^  Paris,  2  861,  tome  i.,  p.  643. 
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THffereiice  in  color  between  arterial  and  venauB  blood — CompariM 
in  venoua  ind  Mtcrinl  blood — ObaeTatioiiB  of  Hagnna — Aotljm 
for  gnseB — RelatiTQ  qnantitlel  of  oxygen  uid  carbonio  wdd  in  t 
t«rial  blood — Nitragen  of  the  blood — Condition  of  the  gaiea  ii 
Hechaniem  of  the  interduuige  of  gssea  between  the  blood  aai] 
lungB — General  diSbrcncea  in  the  compoeitioc  of  Krt«rial  and  to 


It  JB  to  be  expected  thattbe  blood,  receiving  t 
band  all  tbe  prodncts  of  digestion,  and  on  tbe 
products  of  destructive  assimilation  or  decay  of  t 
connected  with  the  lymphatic  Bjetem,  and  expoE 
action  of  the  air  in  tlie  lun^,  slioulrl  present  imp 

lVlV)l(|-S    ill    Cnllllm-illoil    ill    .lilillTllt     ]Kirt<.     ^l'    ll:. 

i-y>ti'iii. 

Tu  i1m,  fir.t  ]-l;ur,  tlim-  U  ;i  luarkol  -lilil-roTi..^ 
i-<>!iij.usili,.ri,  aihi  j>r,.i«Tlii>s,  Wtwveii  tlio  !,!,.,.,!  ii 
rit'.i  iiu'i  ill  (Ijl'  vuiii-;;  llio  (.-ii:ii:^c  iVoiii  vi-iimu^  t 
LIm-jiI   bc'Iiii,'  fllw-tfil  .■tliii..^t  iii:.t;int;iiifuii.-lv-   iti   ii 

lim.n-h  iliclunjrs.     Tlir  M i  wliirli    -oes  t,..  !!..■ 

iJiixliiri;  uf  tlm  lliiiil  o.illwtL-d  iVoni  ;ill   p:ii-t-^  ..f  i 
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vein,  durinjr  digestion,  it  contains  materiak  absorbed  from 
tlie  alimentary  canal ;  and  iinally,  tbere  is  every  reitson  to 
Bappose  tliat  parts  which  require  different  inateriale  for  their 
antrition,  and  produce  different  excrementitiouB  princifiles, 
exert  diflerent  influences  on  the  constitution  of  ihe  blood 
which  passes  throngh  them.  After  this  mixtnre  of  different 
kinds  of  hlood  has  been  collected  in  the  right  side  of  the 
heart  and  passed  througli  the  lunga,  it  is  returned  to  the  left 
side,  and  sent  to  the  sjstou],  thoroughly  changed  and  reno- 
vated, and,  as  arterial  hlood,  has  a  uniform  composition,  as 
fer  as  can  be  ascertained,  in  all  parls  of  the  system.  This 
fact  has  been  proven  by  the  direct  experiments  of  Beclard, 
who  analyzed  blood  from  the  abdominal  aorta,  the  carotid, 
temporal,  occipital,  cniral,  and  epigastric  arteries,  in  the 
same  animal  during  lite,  and  found  the  couipositiou  identical 
in  all  the  specimens.  His  experiments  were  performed  on 
horses  and  dogs,  and  care  was  taken  to  draw  but  a  small 
quantity  from  each  vessel,  so  as  not  to  cliange  the  constitu- 
tion of  the  fluid.'  The  cliange,  therefore,  which  the  blood 
iiDdei^oes  in  its  passage  through  the  lungs,  is  the  ti-ansfoi^ 
tnation  of  the  mixture  of  Tenons  lilood  from  all  parts  of  the 
oi^anisDi  into  a  fluid  of  uniform  character,  which  ia  capable 
of  nourishing  and  sostaining  the  function  of  every  tissne  and 
organ  of  the  body. 

The  capital  phenomena  of  respiration,  as  regards  the  air 
in,  the  lunge,  are  loss  of  oxygen  and  gaha  of  curbonic  acid ; 
the  other  phenomena  being  accessory  and  comparatively  un- 
important. As  the  blood  ia  capable  of  holding  gases  in  solu- 
tion, in  studying  the  essential  changes  which  this  fluid  un- 
dergoes iu  respiration,  we  look  for  them  in  connection  with 
the  proiJortions  of  oxygen  and  carbonic  acid  before  and  after 
it  has  passed  through  the  Innga.  In  respiration,  the  most 
marked  effect  on  the  venous  blood  is  change  in  color. 

*  AnJiivei  OitUrala  Jc  Mideeim,  Imc  sfrie,  tome  iviil.,  p.  123 ;  >n<I  Btnun, 
Hl^uatoffie,  loue  iiL,  p.  369. 
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Difference  in  Color  ieiween  Arterial  and  Venous  BUifi. 
— ^Wc  liave  already  considered  tLia  in  treating  of  tlie  proper 
ties  of  the  blood,  and  shall  only  take  up  in  tlus  conneotJtiatbe 
cause  of  the  remarkalile  change  in  the  color  of  the  Uood 
in  tlio  lungs.  This  change  is  instantaneous,  and,  long  be- 
fore the  discovery  of  oxygen  by  Priestley,  was  recogniied' 
by  Lower,  Goodwyii,  and  others,  as,  due  to  tlie  actioD  of 
the  air.  (See  page  106). 

The  celebrated  experiment  of  Bichat  showed  the  t 
on  the  color  of  the  blood  ia  the  arteries,  of  preventing  the 
access  of  treah  air  to  the  lungs.     This  obserrta-  adapted! 
stop-cock  to  the  trachea  of  a  dog,  by  which  he  could  kj 
late  the  entrance  of  air  into  the  lungs,  and  exposing  tbeet 
tid  artery,  adapted  a  small  one  to  this  vessel.     "When  he  p 
vented  the  air  from  getting  to  the  lungs  by  cl<»iDg  tbi 
Btop-cock  in  the  trachea,  the   blood  became  black   in  t' 
artery,  but  regained  its  florid  hue  when  wr  was  i 
to  the  lungs.' 

The  influence  of  air  in  changing  the  color  of  venotts  blood 
may  be  noted  in  blood  which  has  been  drawn  fi-om  the  body 
as  is  exemplified  liy  the  red  color  of  that  portion  of  a  c' 
or  the  surface  of  defibrinated  venous  blood,  which  is  eipc 
to  the  air.     It"  we  cut  into  a  clot  of  venous  blood,  the  into 
ia  almost  black,  but  heccmes  red  on  exposure  to  the  air  for  i 
very  few  seconds, 

"We  have  been  in  the  habit  of  illustrating  the  phy&iolo{^ 
cal  influence  of  tlio  air  on  venous  blood  by  the  foUowit^ 
simple  experiment ;  Removing  the  lungs  of  an  Boimal  ( 
dog)  just  killed,  the  nozzle  of  a  syringe  is  secured  in  the  p 
monaiy  artery  by  a  ligature,  and  a  canula,  connected  with  \ 
rubber  tube  which  empties  into  a  glass  vessel,  is  secured  & 
the  pulmonary  vein.  Adapting  a  bellows  to  the  trai-h«,  n 
imitate  the  process  of  respiration ;  and  if  defibrinateil  s 
blood  be  carefully  injected  through  the  lungs,  it  will  bvreltuiK 

'  X*T,  BicBiT,  Saherdifi  Fhytiolngiquet  nir  ta  VU  rt  la 
pir  F.  UAaeMim,  Paris,  18S9,  p.  3S6. 
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ed  by  the  pulmonary  vein  with  the  bright  red  color  of  arterial 
blood.  When  the  artificinl  respiration  ifi  interrupted,  the 
Wood  passes  through  the  lungs  without  change.'  In  expos- 
ing the  thoracic  organs,  and  keeping  up  artificial  respiration, 
repeating  the  celebrated  experiment  of  Robert  Hook,  made 
l)etbre  the  Royal  Society  in  1G64,  we  can  see  through  the 
thin  walls  of  the  auricles  the  red  color  of  the  blood  on  the 
left  side  contrasting  with  the  dark  venous  blood  on  the  i-ight. 

Since  the  discovery  of  oxygen,  it  has  been  ascertained 
that  this  ia  the  only  constituent  of  the  air  which  is  capable 
of  arterializing  the  blood.  Priestley  showed  that  venous 
blood  is  not  changed  in  color  by  nitrogen,  hydrogen,  or  car- 
bonic acid ;  while  all  these  gases,  by  displacing  oxygen,  will 
change  the  arterial  blood  from  red  to  black,' 

The  elements  of  the  blood  which  absorb  the  greater  part 
of  the  oxygen  are  the  red  corpuscles.  While  the  plasma  will 
absorb,  perhaps,  twice  aa  mnch  gas  as  pure  watei*,  it  has  been 
shown  by  Magnus  and  Gay-Lussac  that  the  corpuscles  will 
absorb  Irom  ten  to  thirteen  times  as  much."  By  some  the 
proi>ortion  is  put  mnch  higher.  The  red  coqjusclcB  may  be 
considered  aa  the  respiratory  elements  of  the  blood.     It  is 

'  ThU  dcmonst ration  ia  very  slrilting,  cBpecinllir  if  wo  as«  a,  syringe  with  n 
double  noizle,  ooe  point  secun^  in  ttie  pulmonur}'  arterr,  aniJ  llie  other  simply 
cktTjriog  lli«  blood  by  t  rabbi^r  Itibe  into  a  glosa  TesAeU  Receiring  the  blood 
which  passca  Ibrough  the  lungs,  nod  that  nbii^h  eimply  pasacs  Ibrough  the  tube, 
iaUt  tvia  tall  glasa  Teasels,  the  one  is  of  a  bright  red,  and  the  oilier  letains  itti 
dark  color.  In  preparing  for  the  elperinient  it  ia  necesBBiy,  immediately  after 
removing  the  lunga  from  the  animal,  to  it^jcct  them  with  a  little  defibrinated  blood, 
(0  as  lo  remore  the  coagulating  blood  from  the  pulmonarj  capiDarics,  (rhjoh  would 
uthirwise  become  obstructed.  The  injectioc  should  bo  made  gc^ntly  and  gradually, 
to  aroid  extrairftsatloti.  DcGbrinatod  oi-blood  may  be  used.  The  moat  conrco- 
ient  Tny  to  secure  the  canuliD  in  the  TCMels  ia  to  push  them  into  the  pulmonary 
artery  through  the  right  Tcnliide,  and  into  the  pulmonary  vein  through  the  left 
auricle. 

*  Carbonic  oxide  and  aitroua  oxide  have  a  strong  affinity  for  the  blood-corpus- 
clc«,  and  become  fixed  ia  them,  the  formet  giving  llio  blood  a  vivid  red  color. 
SngHT  and  many  soils  ml!  also  redden  venous  btood.  Thc^e  agents,  liorrevcr,  da 
not  import  the  phyaiological  properties  of  arterial  blood, 

*  BoBOi  and  Vxnnin.,  op,  cil ,  tome  L,  p.  112, 
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andouliteiSly  trae  that  the  corpuscles,  deprived  of  their  nttn- 
ral  plasma,  are  not  changed  in  color  by  being  exposed  to  tbe 
air,  or  even  to  pnre  oxygen.  Dr.  Stevens,  after  removing 
tbe  aenira  from  a  clot  by  repeated  wasliinga  with  pure  *vater, 
fonnd  that  the  color  remained  Mack  when  exposed  to  the  air,' 
bnt  was  reddened  by  tbe  addition  of  its  serom,  or  certam 
saline  solntions.  From  tlils  he  reasoned  that  tbe  red  color  of 
arterial  blood  ia  due  to  tbe  saline  eonstitnents  of  the  plasma. 
This  is  true;  bnt  tbe  saline  constituents  of  the  plasma  affect 
the  color  indirectly,  by  maintaining  the  anatomical  int^rity 
of  tlie  corpuscles.  If  blood  be  received  from  a  vein  into  pure 
water,  it  remains  almost  black,  however  long  it  may  be  ex- 
posed to  the  air,'  trom  tbe  fact  that  the  corpuscles  are  de- 
stroyed. These  facta  are  only  additional  evidence  of  the 
function  of  the  red  corpuscles  in  absorbing  oxygen  and  c»r- 
rjing  it  to  the  tissues.  According  to  the  late  researches 
of  Fernet,  which  have  been  confirmed  by  L.  Meyer,  the  Tol- 
nme  of  oxygen  iSsed  by  the  corpuscles  is  abont  twen^^r* 
times  that  which  is  dissolved  in  tlie  plasma.' 

Comparison  of  the  Gases  hi  Venous  and  Arterial  Slcoi, — 
The  demonstration  of  the  fact  that  free  oxygen  and  carbonic 
acid  exist  in  the  blood,  with  a  knowledge  of  the  relative  jwo- 
portion  of  these  gases  in  the  blood  before  and  after  its  pas- 
sage through  tlie  lungs,  is  a  [wint  hardly  second  in  importance 
to  the  relative  composition  of  the  air  beibre  and  utter  respi- 
ration. Tbe  idea  enunciated  by  Mayow  almnt  two  buudred 
years  ago,  that  "there  is  something  in  the  air,  abeolut^y 

'  IVii.Miu  Eteteks,  Obnervatiom  on  Ou  Htdthy  aitd Ditnuei  Pivpmtim*/ tit 
Blood,  Iiondon,  ISSa,  p.  8S2;  imd  FkUott^Jaail  Transaetiont,  1835. 

*  MlLNl-Ernr^RDs,  PAgiialoffie,  toms  L,  p.  47S. 

'  Lo>ai[T,  Train  de Phtpioltigie,  Pang,  ISSI,  tome  L,  p.  SUS.  Fernet  m 
great  uumlwr  uf  eipvrimioiU  oa  the  iDflucnce  of  the  Tirioiu  tails  contaiiMd  la  lb* 
senuD  on  the  absorbing  power  of  Ilie  litotxl  for  gmavs.  Hi*  obserrttionB  Iml  ptf> 
liculor  reference  to  cortMmic  idd,  the  solubility  of  whii^h  iras  influnwcil  nu 
wliae  principles.  These  eiperiinenla  nerc  conSnncd  uid  exkttdnl  by  L 
Mcjer  {Dif  Ume  da  Blula). 
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necessary  to  life, wAm-A  is  conveyed  into  ih<! Mood" '  excepting 
tliat  tlie  vivifying  principle  is  not  named  nor  its  otlier  prop- 
erties described,  es|)Pesses  what  we  now  consider  aa  one  of 
the  two  great  principles  of  respiration.  This  is  even  more 
Btrietly  in  accordance  with  fact  than  the  idea  of  Lavoisier, 
who  supposed  that  all  the  chemical  processes  of  respiration 
took  place  in  the  Innga.  Mayow  also  described  the  evolution 
of  gas  from  blood  placed  in  a  vacnnra.*  Many  observers 
have  since  succeeded  in  extracting  gases  from  the  blood  by 
various  processes.  Sir  Hamphry  Davy  induced  the  evolu- 
tion of  carbonic  acid  by  raising  arterial  blood  to  the  temper- 
stare  of  200°  Fabr.,  and  venous  blood  to  a  temperature  of 
112°;'  Stevens,'  and  others,  disengaged  gas  by  displacement 
with  hydrogen,  nitrogen,  or  the  ordinary  atmosphere;  hut 
in  spite  of  this,  before  the  experiments  of  Magnus  in  1837, 
many  denied  the  existence  in  the  blood  of  any  ii-ee  gas  what- 
Boever,* 

Magnus  made  some  experiments  ujion  the  human  blood. 
extracting  the  gases  by  displacement  with  hydrogen ;  but  the 
observations  which  are  most  generally  referred  to  by  phys- 
iologists were  made  tiiwn  the  blood  of  horses  and  calves, 
extracting  the  gases  by  tlie  air-pump,  and  giving  the  com- 
parative quantities  existing  in  the  arterial  and  venous  blood. 
These  ex|ieriments  were  of  great  value  as  settling  the  ques- 
tion of  the  existence  of  gases  in  the  blood,  either  in  a  free 
Btate,  or  very  loosely  combined  with  some  of  its  organic  oon- 
stitncnts;  and  until  very  recently  they  have  been  universally 


te 


Bee  pigclll, note. 

|8ee  qtioUllDD  ia  HiuiK-EiiwjiniM,  PhgtiologU,  tone  L,  p.  43B,  note. 

Sift  HcirpHRT  DiVT,  World,  LohcIod,  18JI0,  toI.  L,  pp.  77-70.    An  Sttay 

lllhl,  Ural,  and  the  OonMnatioH  of  Light,  udtk  a  luio  TKfory  of  Ei^piration. 

*  Giuvliii,  Uitscherliuh,  &ad  Tledemann  deniod  tbe  eiistenct^  of  iinjf  ft«e  gnsc* 
m  tbe  blood.  At  one  time  Dr.  John  Dary  hvM  tbcr  hudo  opiaion,  tbongb  he 
finallj  leco^iicd  bb  cmr,  and  ruvceded  in  eitmeling  gas  from  ihc  blood  by 
ueaoi  of  the  Bir-pump  {BttanAi*,  Phyiotogieal  and  Aitalomie^,  Loadou, 
1SS9,  Tol.  11.,  p.  IS4]. 
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received  by  physiologista,  as  representing  tbe  relative  propo^ 
ttons  of  the  gases  in  the  two  kinds  of  blood,  tboi^h  Ka^oa 
states  m  his  paper  that  be  dues  not  think  Le  succeeded  in 
e.ftrneting  all  the  gas  tlie  blood  contained.'  It  is  a  qaestioo 
of  the  last  importance,  as  bearinf:;  npon  our  comprehen- 
sion of  the  essential  processes  of  respiration,  to  be  able  tc 
determine  the  relative  proportion  of  oxygen  ami  carbonic 
acid  in  the  arterial  and  venons  blood.  Until  very  recently, 
our  ideas  on  this  subject  have  had  for  their  sole  experimental 
basis  the  observations  of  Magnus,  and  in  discussing  the  accu- 
racy of  the  modes  of  analysis  of  the  blood  for  gases  we  need 
take  no  account  of  any  experiments  anterior  to  his. 

Analyeiaqf  the  Blood  for  Gases. — There  are  certain  gnte 
Bources  of  error  in  the  method  employed  by  Magnus,  which 
render  his  observations  of  little  value,  except  as  denionstnrfil^; 
that  oxygen,  carbonic  acid,  and  nitrogen  may  lie  extracted 
by  the  air-pump  from  both  arterial  and  venous  bhtod.  The 
only  source  of  error  in  the  results  which  he  fiilly  recognized 
lay  in  the  difficulty  in  extracting  the  entire  quantity  of  gas 
in  solution  ;  but  a  careful  study  of  liis  paper  shows  another 
element  of  inaccuracy  which  is  even  more  im|K>rtaut.  The 
relative  quantities  of  oxygen  and  carbonic  acid  in  any  single 
specimen  of  blood  present  great  variations,  dependent  u()on 
the  length  of  time  that  the  blood  has  been  allowed  to  stand 
before  the  estimate  of  the  gases  is  made.  As  it  is  impo^ble 
to  moke  this  estimate  immediately  ailer  the  blood  is  dntwn, 
on  account  of  the  froth  produced  by  agitation  with  n  gas, 
when  the  method  by  displacement  is  employed,'  and  the 
bubbling  of  the  gas  when  extracted  by  the  air-pump,  this 

'  The  Oiisiaal  Srticic  of  Uognua  a  puhlisbed  in  tho  JnWu  Jrr  nytit  aW 
Chemit  of  PoggcndorfT,  April,  1837,  aad  is  tnukslatvd  Into  French  ic  tlia  An*,  dr 
Chinne  el  dt  Phgi.  of  the  samo  year. 

*  When  a  gu,  such  u  bjdrogeo,  irhich  is  dM  coDlwncd  in  llie  blood,  to  tbcf- 
ODgblj  iDiied  with  It  b;  agilstioD  in  a  closed  tetsul.  It  wUl  p«nelnU  iIm  Burnt, 
aDildiapliice,ordriTo  off, ill  Ibe  frc«  gu  wbich  i^lieU  In  Mtntioii.  TbU  h  TlUri 
the  method  ofuul}^  bf  displace  meal. 
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objection  is  fatal.  It  is  necessary  to  wait  until  the  froth 
has  subsided  before  attempting  to  make  nn  accurate  estimate 
of  the  volume  of  gas  given  off.  Tlio  following  observation 
of  Magnus  illustrates  this  fact.  The  observation  was  on  the 
human  blood  six  hours  after-  it  had  been  thoroughly  mixed 
with  hydrogen :  * 


Blood  qf  Man, 

Carbonic  acid. 

i-OTY  cubic  inches. 

1-018  cubic  inches. 

3-650          " 

0-781          " 

8-888          " 

1-856 

After  twenty-four  hours,  at  the  end  of  which  time  the 
blood  had  no  odor: 

4-077  cubic  inches.  1-517  cubic  inches. 

8-650  "  1-456  " 

8-883  "  2-075  " 

The  excess  of  carbonic  acid  found  twenty-four  hours  after, 
over  the  quantity  found  six  hours  after,  in  the  first  and  tliird 
specimens,  is  a  little  over  50  per  cent. ;  while  in  the  second 
specimen  it  is  very  nearly  100  per  cent. 

In  these  analyses  the  proportion  of  oxygen  is  not  given. 
The  question  naturally  arises  as  to  the  source  of  the  carbonic 
acid  which  was  evolved  during  the  last  eighteen  hours  of  the 
observation.  This  is  evident,  when  we  consider  one  of  the 
important  properties  of  the  blood.  A  number  of  years  ago, 
Spallanzani  demonstrated  that,  in  common  with  other  parts 
of  the  body,  fresh  blood  removed  from  the  body  has,  of  itself, 
the  property  of  consuming  oxygen ;  and  W.  F.  Edwards  has 
shown  that  the  blood  ^vill  exhale  carbonic  acid.  In  ISoO, 
Harley,  by  a  series  of  ingenious  experiments,  found  that 
blood,  kept  in  contact  with  air  in  a  closed  vessel  for  twenty- 
four  hours,  consumed  oxygen  and  gave  off  carbonic  acid.'' 

*  G.  Magxus,  Sur  ten  Oa»  que  contieni  le  Sang :  Oxygene^  Azote  et  Acule  Car- 
bonique,    Annalet  de  ChimU  ct  de  Phytique^  2mc  66rie,  tome  Ixv.,  1837,  p.  174. 

•  G.  Harlet,  The  Chemistry  of  Bespiration,     The  Britith  and  Foreign  Med 
•co-Chimrgical  Review,  Julj,  1866,  p.  828. 


460  BESFIRATION. 

More  recently,  Bernard  has  shown  that  for  a  certain  time 
after  the  blood  is  drawn  from  the  vessels,  it  will  eontiniie  to 
consume  oxygen  and  exhale  carbonic  acid.  If  all  the  ca^ 
bonic  acid  be  removed  from  a  specimen  of  blood,  by  treating 
it  with  hydrogen,  and  it  be  allowed  to  stand  for  twenty-foui 
hours,  another  portion  of  gas  can  be  removed  by  again  treat- 
ing it  with  hydrogen,  and  still  another  quantity  by  treating 
it  with  hydrogen  a  third  time.* 

From  these  facts  it  is  clear  that,  in  the  experiment  ol 
Magnus,  the  excess  of  carbonic  acid  involved  a  post-mortem 
consumption  of  oxygen ;  and  no  analyses  made  in  the  ordi- 
nary way,  by  displacement  with  hydrogen,  or  by  the  air- 
pump,  in  winch  the  blood  must  necessarily  be  allowed  to 
remain  in  contact  with  oxygen  for  a  number  of  hours,  can  be 
accurate.  The  only  process  which  can  give  us  a  rigorous 
estimate  of  the  relative  quantities  of  oxygen  and  carbonic 
acid  in  the  blood  is  one  in  which  the  gases  can  be  estimated 
without  allowing  the  blood  to  stand,  or  in  which  the  forma- 
tion of  carbonic  acid  in  the  specimen,  at  the  expense  of  the 
oxygen,  is  prevented.  All  others  will  give  a  less  quantity  of 
oxygen  and  a  greater  quantity  of  carbonic  acid  than  exists  in 
the  blood  circulating  in  the  vessels,  or  immediately  after  it  is 
drawn  from  the  body. 

A  solution  of  this  important  and  diflScult  problem  in  analy- 
sis of  the  blood  has  been  accomplished  by  Bernard.  This  ob- 
server made  a  great  number  of  experiments,  in  the  hoi>e  of  dis- 
covering some  means  by  which  the  consumption  of  oxygen  by 
the  blood-corpuscles  could  be  arrested.*  He  found,  finally,  that 
carbonic  oxide,  one  of  the  most  active  of  the  poisonous  gases, 
had  a  remarkable  affinity  for  the  blood-corpuscles.     When 


'  Bernard,  Lc^ns  sur  Ics  PropriitU  Phytiolo^iques  el  let  AlUraHous  PathoiO' 
giques  cUs  Ziquidis  de  VOrganitme^  Paris,  1859,  tome  i.,  p.  354  H  teq. 

*  Uarley  (op.  ciL^  p.  3S4)  ascertained  that  a  few  drops  of  chloroform,  added  to 
the  fresh  blood,  gn:^atlT  diminished  the  actirity  of  the  change  of  oxvgen  into  car* 
bonic  acid.  It  did  not  entirely  arrest  it,  however,  and  the  author  does  not  sng> 
gcst  its  use  in  quantitative  analyses  for  gases. 
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taken  into  the  liings,  it  is  absorbed  by  and  becomes  fixed  in 
the  cari>UBcles,  effectually  preventing  the  consumption  of  oxy- 
gen and  prodnetion  of  carbonic  acid,  which  iinniinlly  takes 
place  in  the  capillary  system,  and  which  is  one  oi"  tlie  indis- 
pensable conditions  of  nntrition.  We  have  already  referred 
to  the  meehanism  of  poisoning  by  the  inhalation  of  tliis  gas, 
by  its  fixation  in  the  blood-corposclos,  their  consequent  par- 
alysia,  and  tlio  arrest  of  their  function  as  respiratory  organs. 
Ab  it  is  the  continnance  of  this  transtbrmation  of  oxygen  into 
carbonic  acid,  after  the  blood  is  drawn  from  the  vessels,  -which 
interferes  with  the  ordinary  analysis  of  the  blood  for  gases, 
W8  might  expect  to  extract  all  the  oxygen,  if  we  conld  imme- 
diately saturate  the  blood  with  carbonic  oxide.  The  prelim- 
inary experiments  of  Bernard  on  this  point  are  conclusive. 
He  ascertained  that  by  mLxing  carbonic  oxide  in  sufficient 
quantity  with  a  specimen  of  Iresh  arterial  blood,  in  about 
two  hours,  all  tbe  oxygen  which  it  contained  was  dis- 
placed. Introducing  a  scwnd  quantity  of  carbonic  oxide  af- 
ter two  hours,  and  leaving  it  in  contact  with  the  blood  for  an 
hour,  a  quantity  of  oxygen  was  removed,  so  small  that  it 
might  almost  he  disregarded.  A  third  experiment  on  the 
same  blood  failed  to  disengage  any  oxygen  or  carbonic  acid.' 
The  view  entertained  by  Bernard  of  tlie  action  of  car- 
bonic oxide  in  displacing  the  oxygen  of  the  blootl  is,  that  the 
former  gas  has  a  remarkable  afiinity  for  the  blood-corpuscles, 
in  which  nearly  all  the  oxygen  is  contained,  and  when 
brought  in  contact  with  them  unites  with  the  organic  matter, 
setting  free  the  oxygen,  in  the  same  way  that  the  acid  enter- 
ing into  the  composition  of  a  salt  is  set  free  by  any  other 
acid  which  has  a  stronger  afSnity  for  the  base,  liiere  is 
every  reason  to  suppose  that  this  view  is  correct ;  as  carboniu 
oxide  is  much  less  soluble  than  oxygen,  and  as  it  only  has  the 
property  of  disengaging  this  gas  from  tlie  blood,  leaving  the 
ather  gases  still  in  solution. 

B  carbonic  oxide  only  displaces  the  oxygen,  it  is  neces- 
'  BiRlfABli,  JLIquida  dt  rOryan'ami,  touM  t,  p.  S^^. 
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sary  to  resort  to  some  other  process,  id  ndditioo  to  itm,  to 
disengage  the  other  gases  contained  in  the  blood.  It  te  onljT 
neceasary  to  arrest  the  action  of  the  corpoBcles  ttpon  the  an- 
gen,  and  then  the  gases  may  be  set  free  by  the  air-pninpy  ct 
any  method  which  may  be  convenient.  The  method 
by  Bernard  for  the  disengagement  of  all  the  gases  eontaiaeJ 
in  the  blood  is  Snt  to  displace  the  oxygen  by  carbonic  ocdde, 
using  about  two-thirds  of  gaa  by  volnme  to  one-thliti  of 
blood,  tJien  to  attach  the  tube  to  a  tube  of  mercury,  and  6 
ject  the  blood  to  the  barometric  vacuoni,  which  sets  free 
carbonic  acid  and  the  nitrogen.  The  revolts  obtained  by 
this  method  correspond  with  our  ideas  concerning  the  lutttm 
of  the  respiratory  process ;  and  analyses  of  the  blood  taken 
at  different  periods  show  variations  in  the  qoantities  of  cay- 
gen  in  the  arterial,  and  carbonic  acid  in  the  venous  blood, 
corresponding  with  eome  of  the  variations  which  we  bara 
noted  in  the  loss  of  oxygen  and  gain  of  carbonic  acid  in  tlie 
air,  in  respiration. 

The  anah'ses  of  Bernard,  who  obtained  from  iifteen  to 
twenty  per  cent,  of  osygen  in  volume  from  the  arterial  blood, 
show  the  great  imperfection  of  the  process  employed  by 
Magnus,  who  obtained  from  the  arterial  blood  of  horeee  and 
calves  a  mean  of  but  2-44  per  cent,  of  oxygen.    It  does 
not  seem  uecessarr,  therefore,  to  discuss  the  criticisms  of  tl 
rcAults  obtained  by  Magnus  which  were  made  by  Gaj-Lim 
and  Mageudie,  soon  after  their  publication,  and  more  recen 
ly  by  Hurley  and  others." 

'  To  Magniu  belongs  the  credit  of  detnonstnting  ibe  inponaot  £»ct  ihal  m 
gra,  carbonii:  acid,  and  nilrDgeo  can  be  exlncted  fmn  Ibe  blood  bT  mnoitas  ll 
Blmoiphcric  pr^sure^  Before  his  obsemtioiu,  Gmelin,  MiMcherlidi,  aad  lid 
□uum  plifcd  renous  btood  in  a  tabe  otct  mercury,  in  Ibe  t«c«iTier  of  on  vr^/im 
uod  bj  remoTing  tbe  prcssare  a&br  as  po^sible^  ctmscd  tbe  mercurj  tu  dsea 
On  adminisg  air  into  tbe  receiicr  and  Tratoring  tbe  premurc,  tbe  iMm 
asotniled,  «ttb  the  blood,  i^um  filling  the  lube  conpletel?.  Fram  dib  A 
teuoned  tbat  then  wh  no  fn'o  carbonic  add  in  tlie  blood, 
little  acetic  add,  carbanic  add  was  set  tree,  ichicfa  led  Ihem  I 
the  catbomc  odd  vas  m  ODmbinalioo.  Uagnns  Bbowed  tint  the 
other  obKrren  had  failed  to  extract  gu  bj  meaiu  of  tbe  i 
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Bernard's  experiments  were  made  chiefly  on  dogs,  and 
had  especial  reference  to  the  proportion  of  oxygen  in  the 

rsre&ction  of  the  air  was  not  carried  sufficiently  far.  J.  Davy,  in  bis  second 
experiments,  rccognixed  this  fault  in  his  first  observations.  As  the  results  ob- 
tained by  Magnus  are  generally  quoted  and  received  In  works  on  physiology,  wc 
gire  the  table,  whidi  is  tiken  from  the  translation  of  his  original  article  in  the 
Annalm  de  Chimie  ei  de  Fhytique  (loe.  «/.).  We  have  not  thought  it  worth  while 
to  reduce  the  volumes  from  cubic  centimetres  to  cubic  inches,  us  we  add  the 
percentage  of  gas  in  volume,  wliich  is  not  given  by  Magnus. 

(  5*4  of  carbonic  acid,  or  4*8:3  per  ceat 

Blood  of  horse 125  cc  gave  9*3  cc.  of  gasK  1-9  of  oxygen,  or  1*5:2  per  ci>nt. 

(  2*5  of  nitrogen,  or  S-UO     "* 
YeiMMis  blood  of  the  same, )  j  S*$  of  cartwnic  acid,  or  4-'J9  p<'r  cent. 

Ibor  days  after  the  tak-  >205  e.c  gave  12*2  cc.  of  gasK  2*8  of  oxygen,  <»*  1*12  per  cent. 
lug  of  arterial  blood.. ..  \  f  M  of  nitrogen,  or  054     ^ 

I  lOD  of  carbonic  ndii,  or  5*12  per  ct. 

The  ume  blood 195  ce,  gave  14*2  ce.  of  gas*  2'5  of  oxygen,  or  1*28  per  cvnt. 

0*»i    *• 


Arterial  blood  of  a  horse  ) 


1*7  of  nitrogen,  or 

10*7  of  carbonic  acid,  or  6*28  per  ot. 


Terr  <dd,  but  in  good  >  180  cc  gave  16*8  cc.  of  gas'  4*1  of  ox>-gen,  or  8*15  per  cent, 
health )  l*5of  nitrogen,  or  1*15     'J 


7*0  of  carbonic  acid,  or  5*74  per  cent 


The  same  blood 122  cc.  gave  10*2  cc  of  gasK  2*2  of  oxygvn,  or  1*:4)  per  ccn 

1 1  -0  of  nitrogen,  or  0-S3    " 
Tenons  Uood  of  the  same )  ( 12*4  of  carbonic  aci<i,  or  7*29 


perct 

^__  .  ^     .        '47  iHjr  cent, 

days  alter )  "^  ^     ^  4*U  of  nitrogen,  or 


( 12-4  of  c 
old  horse,  drawn  three  Vl70  cc  gave  18*9  cc.  of  ga8-<  2*5  of  oxygen,  or  1*47  j>er  cent. 

(  4*0  of  nltrojren,  or  2*85 


1  9*4  of  carbonic  acid«  or  7*04  per  cent 
Arterial  blood  of  calf 128  cc  gave  14*5  c  c  of  gas^  8*5  of  oxvgen,  or  2*S4  per  ct>nt. 

( 1*0  of  nltrogon,  or  1*80     ^ 

j  7*t>  of  carbonic  acid,  or  6*49  per  cent 
The  tame  blood lOS  cc  gave  12*6  cc  of  gas-(  8*0  of  oxvgen,  or  2*b7  per  cent 

(  2*6  of  nitrogt.»n,  or  2*40    •» 
Venons  blood  of  the  same  )  ( 10*2  of  carbonic  acid,  or  6*00  per  ct 

caU^  taken   foar  days  >-158  cc  gave  18  8  cc  of  gas-j  I'S  of  oxygen,  or  1*17  pi-r  cent 
after. )  1 1*8  of  nitrogen,  or  0-:>5    ** 

i  6*1  of  carbonic  acid,  or  4*35  per  ccnu 
The  same  blood 140  cc  gave  7*7  cc  of  gasK  1*0  of  oxvgen,  or  U*71  per  cent 

I  0*6  of  nitrogen,  or  0^48    '' 

We  have  given  this  table  in  full,  and  calculated  the  percentage  of  gas  to  the 
blood  in  each  observation,  because  it  is  a  common  impression  that  the  observa- 
tions of  Magnus  show  a  greater  proportion  of  oxygen  in  the  arterial  blood,  and  a 
greater  proportion  of  carbonic  acid  in  the  venous  blood.  This  is  not  the  fact. 
The  table  shows  that  the  proportion  of  all  gases  is  greater  in  the  arterial  blood, 
and  that  the  proportion  of  carbonic  acid  to  the  oxygen  is  greater  in  the  venous 
blood ;  but  while  the  percentage  of  oxygen  is  greater  in  the  arterial  blood,  tlicre 
is  also  a  larger  percentage  of  carbonic  add.  In  the  specimens  of  arterial  blood 
examined,  the  mean  proportion  of  oxygen  was  2*44  per  cent,  and  of  carbonic 
add  6*48  per  cent  In  the  venous  blood,  the  mean  proportion  of  oxygen  wa» 
1*16  per  cent,  and  of  carbonic  acid,  6'54  per  cent  It  is  diflicult  to  reconcile  an 
analysis,  showing  a  greater  absolute  quantity  of  carbonic  acid  in  arterial  tlian  in 
venooB  blood,  with  our  settled  and  well-sustained  ideas  regarding  tlie  processes 
of  respiration.  A  glance  at  the  wide  differences  in  the  'ilfferent  analyses  of  speci- 
mens of  the  same  blood  shows  that  there  must  have  been  some  grave  error 

in  the  process. 
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blood.  As  far  as  we  know,  no  analyses  of  tbe  homan  blood 
have  yet  been  made  by  his  method.  In  two  specimens  taken 
from  a  dog  in  good  condition,  a  specimen  of  arterial  blood, 
drawn  from  the  vessels  by  a  syringe  and  put  in  contact 
witli  carbonic  oxide  without  being  exposed  to  the  air,  wu 
found  to  contain  18'28  per  cent.,  and  a  specimen  of  Tcnou 
blood,  taken  in  the  same  way,  8*42  per  cent.,  in  volume,  of 
oxygen.*  Tlie  proportion  of  gases  in  the  blood  is  found  to 
vary  very  considerably  under  difierent  conditions  of  the  bjs- 
tern,  particularly  with  reference  to  the  digestive  proeeai 
The  following  are  the  general  results  of  later  observations, 
showing  the  differences  and  variations  in  the  proportions  d 
all  the  gases,  in  arterial  and  venous  blood.* 

Arterial  Blood,  wbile  an  animal  is  fasting,  contains  finom 
nine  to  eleven  parts  per  hundred  of  oxygen.  In  full  digestion, 
the  proportion  is  raised  to  seventeen,  eighteen,  or  even  twenty 
parts  per  hundred.  The  proportion  varies  in  different  animals; 
being  much  greater,  for  example,  in  birds  than  in  mammak 

The  quantity  of  carbonic  acid  is  even  more  variable  than 
tlie  quantity  of  oxygen.  During  digestion  there  are  from 
five  to  six  parts  per  hundred  of  free  carbonic  acid  in  the 
arterial  blood.  During  the  inters\ils  of  digestion  tliis  quan- 
tity is  reduced  to  almost  nothing ;  and  after  fasting  for  twenty- 
four  hours,  frequently  not  a  trace  is  to  be  discovered. 

Yenons  Blood,  always  contains  a  large  quantity  of  ca^ 
bonic  acid,  both  free  in  solution,  and  combined  in  the  form 
of  carbonates  and  bicarbonates.  This  quantity  varies  in  dif- 
ferent parts  of  the  venous  system,  and  bears  a  relation  to  the 
color  of  the  blood.  It  is  well  known  that  the  venous  blood 
coming  from  some  glands  is  dark  during  the  intervals  of 
secretion,  and  nearly  as  red  as  arterial  blood  during  their 
functional  activity.     In  the  venous  blood  from  the  sub-max- 

'  Loc.  cit.y  p.  367. 

'  These  results  were  given  in  a  course  of  lectures  which  we  bad  the  priTikge 
of  hearing  at  the  College  of  France  in  the  summer  of  1861,  and  which  have  not 

yet  been  published. 
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illarj  gluuci  of  a  dog,  Bemnnl  found  18-07  \>er  cent,  oi'  mr- 
bonic  acid  during  repose,  and  10-14  per  cent,  during  eeere 
Hon.  The  blood  coming  from  the  muscles  is  the  dnrkest  in 
the  body,  and  contains  the  greatest  quantity  of  free  carbonic 
acid. 

The  quantity  of  free  carbonic  acid  ia  immeDsely  increased 
in  the  venous  blood  during  digestion.  It  ia  owing  to  this 
fact  that  the  gas  then  exists  in  the  arterial  hlood.  During 
tbe  intenals  of  digeBtion,  the  quantity  ia  so  small  that  the 
lungs  are  eapaUe  of  completely  eliminating  it,  and  none 
paiises  into  the  arteries ;  bnt  during  digestion,  the  proportion 
is  so  much  greater,  that  for  a  time  it  cannot  be  entirely  re- 
moved, and  a  part  finda  ila  way  into  the  arterial  system. 

These  facts  coincide  with  the  views  which  are  now  held 
regarding  the  eseeDtial  processes  of  respiration.  The  blooti 
going  to  the  Inngs  ordinarily  contains  carbonic  acid,  and  no 
oxygen ;  for  during  the  intervals  of  digestion,  there  is  only 
enough  oxygen  taken  up  by  the  blood  to  supply  the  wants  of 
the  system.  In  the  lungs,  carbonic  acid  is  given  off,  appeai-- 
jng  in  the  expu-ed  air,  and  the  oxygen  which  disappears  from 
the  air  is  carried  away  by  the  arterial  blood.  Under  some 
conditions,  and  particularly  during  the  height  of  the  digestive 
process,  the  quantity  of  oxygen  absorbed  is  largely  increased, 
and  BO  mucli  may  exist  in  the  arterial  blood  that  a  small  por- 
tion passes  into  the  veins.  At  the  same  time  the  production  of 
carbonic  acid  is  increased  in  activity,  and  it  may  exist  in  such 
quantity  in  the  venous  blood,  as  temporarily  to  pass  in  small 
quantity  into  the  arteries. 

I^itrogen  ttf  the  Jihod, — As  far  as  is  known,  nitrogen  has 
Qo  important  office  in  the  process  of  respiration.  There  is 
generally  a  slight  exhalation  of  this  gas  by' the  lungs,  and 
the  analyses  of  Magnus  and  others  have  demonstrated  its 
existence  in  solution  in  the  blood.  Magnus  found  generally 
a  larger  proportion  in  the  arterial  than  in  venous  blood, 
though  in  one  instance  there  was  a  larger  proportion  in  the 
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venous  blood.  It  is  not  absolutely  certain  whether  the  ni- 
trogen which  exists  in  the  blood  is  derived  from  the  air  oi 
from  the  tissues.  Its  almost  constant  exhalation  in  the  ex- 
pired air  would  lead  to  the  supposition  that  it  is  prodnoed  in 
Email  quantity  in  the  system,  or  supplied  by  the  food.  A^ 
cording  to  Bernard,  the  quantity  of  nitrogen  in  the  arterial 
blood  is  from  two  to  five  parts  per  thousand,  but  it  is  preseit 
in  very  much  larger  quantity  in  the  venous  blood.*  There 
is  no  evidence  that  nitrogen  enters  into  combination  with  the 
blood-corpuscles ;  it  exists  simply  in  solution  in  the  blood, 
which  is  capable  of  absorbing  about  ten  times  as  much  as 
pure  water.'  Nothing  is  known  with  regard  to  the  rela- 
tions of  the  free  nitrogen  of  the  blood  to  the  processes  of 
nutrition. 

Coiuliiion  of  the  Gases  in  the  Blood. — ^It  is  now  pretty 
generally  admitted  that  the  oxygen  of  the  blood  exists,  not 
in  simple  solution,  but  in  a  condition  of  feeble  combination 
with  certain  of  the  constituents  of  the  blood-corpuscles.*  It 
is  clearly  demonstrated  that  the  corpuscles  are  the  elements^ 
which  fix  the  greatest  quantity  of  this  gas.  Carbonic  oxide, 
which  has  a  great  affinity  for  the  corpuscles,  displaces  almost 
immediately  all  the  oxygen  which  the  blood  contains.  AVhen 
the  corpuscles  are  destroyed,  as  they  may  be  readily  by  re- 
ceiving fresh  blood  into  a  quantity  of  pure  water,  the  red 
color  is  instantly  changed  to  black.  Oxygen  in  the  blood 
beare  a  closer  relation  to  the  corpuscles  than  that  of  mere  sola- 

*  Unpublished  lectures  delivered  at  the  College  of  France  in  the  summer 
of  18C1. 

'  Magnus,  loc.  cif, 

'  It  is  not  settled  which  of  the  constituents  of  the  blood-corpuscles  has  tb« 
greatest  affinity  for  oxygen.  It  has  been  supposed  to  be  combined  especially  with 
the  coloring  matter ;  but  experiments  on  this  point  are  contradictory.  Lebmimi 
noticed  no  difference  in  the  color  of  a  solution  of  blood-crystals  treated  with  oiT' 
gen,  and  the  same  solution  treated  with  carbonic  acid;  the  only  difference  was 
that  the  latter  became  turbid  {Physiological  Chem.,  Am.  ed.,  voL  i,  p.  573). 
Meckel  made  some  experiments  in  which  "  hsematoglobulin "  was  changed  to  a 
bright  red  by  oxygen,  and  to  a  bluish  red  by  carbonic  acid  (Ibid.,  p.  574). 
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tion*  The  proportion  wliicli  they  are  capable  of  containing 
is  to  a  certain  degree  absolute,  and  not  dependent  upon  phys- 
ical conditions,  such  as  pressure,  which  invariably  have  an 
influence  on  the  proportion  of  gas  merely  held  in  solution  by 
liquids.  The  proportion  of  oxygen  in  the  blood  cannot  be 
increased  by  pressure,  nor  is  it  diminished  by  reduction 
of  the  pressure,  until  it  approaches  a  vacuum.*  Tlie  fact 
that  the  blood-corpuscles  are  capable  of  consuming  oxygen 
and  giving  off  carbonic  acid  is  an  additional  argument  in 
favor  of  the  union  of  these  anatomical  elements  M'ith  the 
gas,  though  this  union  is  very  feeble  and  easily  disturbed. 
The  plasma  will  absorb  a  certain  quantity  of  oxygen,  and  its 
action  in  respiration  seems  to  be  intermediate ;  it  first  takes 
oxygen  from  the  air  and  then  gives  it  up  to  the  corpuscles. 

Carbonic  acid  is  more  easily  exhaled  from  the  blood  than 
oxygen.  It  was  this  principle  which  was  obtained  by  those 
who  first  succeeded  in  extracting  gas  from  the  blood.  While 
there  is  every  reason  to  suppose  that  oxygen  is  in  combina- 
tion with  the  blood-corpuscles,  carbonic  acid  seems  to  be  in  a 
condition  of  simple  solution,  and  is  contained  more  especially 
in  the  plasma.  What  may  be  considered  as  the  free  carbonic 
acid  of  the  blood  behaves  in  all  regards  like  a  gas  simply  held 
in  solution.  The  view  that  it  is  held  in  solution  chiefly  in  the 
plasma  is  sustained  by  the  fact  that  serum  will  absorb  more 
carbonic  acid  than  an  equal  volume  of  defibrinated  blood.' 

Liebig  has  shown  that  the  phosphate  of  soda,  one  of  the 
constituents  of  the  blood,  influences  to  a  remarkable  degree 
the  quantity  of  carbonic  acid  which  can  be  held  in  solution 
by  any  Uquid.  One  hundredth  of  a  part  of  this  salt  in  pure 
water  will  double  its  capacity  for  dissolving  carbonic  acid.* 

*  The  fact  that  oxygen  is  exhaled  from  the  blood  in  vacuo  is  not  an  argument 
•gainst  the  view  that  it  enters  into  feeble  combination  with  the  blood-corpuscles ; 
for  it  is  well  known  that  many  distinctly  recognized  chemical  combinations  ore 
disturbed  by  the  same  means.  For  example,  a  vacuum  is  capable  of  disengaging 
from  some  of  the  bicarbonatcs  one  equivalent  of  carbonic  acid. 

*  LosoET,  Tralti  de  Phytiologie,  Paris,  1861,  tome  i.,  p.  494. 
'  Milm-Edwards,  Phif*ioU>gic^  tome  i.,  p.  471. 
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Wlien  carbonic  acid  is  formed  l>y  tlie  blooii,  after  it  i*  ilrann 
from  tlie  body,  it  is  imiuedialely  esbaled,  at  least  in  part. 
Wlien  blood  is  in  contact  witli  a  certain  qaantitr  of  iir,«i»- 
gen  is  consnined  and  carbonic  acid  is  exhaled.  The  fart  llat 
carbonic  oxide,  wbicli  lias  socb  a  remarkable  affioitv  for  lb 
corpuscles,  displaces  oxygen  almost  exclosireiy,  is  aootlier 
ai^ament  in  favor  of  the  view  that  the  carbonic  acid  is  c 
tained  mainly  in  the  plasma. 

A  portion  of  the  carbonic  acid  which  is  formed  by  thl 
system  unites  with  the  carbonates  in  the  blood,  particwlirfj 
the  carbonate  of  soda,  to  form  bicorbonates,  is  carried  to  tla 
lungs,  and  there  set  free  by  the  pneumic  acid.  It  here  t 
in  so  loose  a  condition  of  combination,  that  it  may  be  di^ 
engaged  by  treating  the  blood  with  inert  gases,  or  patting  it 
nnder  the  receiver  of  an  air-pump. 

The  carbonic  acid  which  is  formed  in  the  tieenes,  and  takfO 
up  by  the  blood  in  its  passage  tlirough  the  capillaries,  cxisli' 
in  this  flnid  in  two  forms :  one,  in  simple  solution,  chiedyitti 
the  plasma ;  and  the  other,  in  a  state  of  such  loose  cheoictli 
combination  in  the  bicarbonates,  that  it  may  be  disengaged 
by  disj)lacement  by  another  gas,  and  is  readily  set  &M  b^ 
pneumic  acid.  This  gas  la  a  product  of  excretion,  and  isi» 
engaged  in  any  of  the  vital  functions ;  while  oxygen,  whicfc 
has  an  all-important  Ibnction  to  perfbiTO,  unites  immedUte^ 
with  the  blood-corpuscles,  and  is  not  easily  disengaged^ 
except  when  it  nndergoes  trausformation  iu  the  proceeaof 
nutrition.  It  is  certain  that  all  the  carbonic  acid  in  the  bio 
is  not  in  combination  with  bnees,  for  the  proportion  of  u! 
is  not  sufficient  to  account  for  all  the  carbonic  acid  that  a 
1)0  disengaged. 

In  addition  to  tiiis  excrementilious  carbonic  acid,  tie 
is  another  portion  which  is  a  permanent  constituent  of  ti 
blood,  in  the  carbonates,  and  cannot  be  set  free  witlwot  ti 
use  of  reagents. 

Nitrogen  exists  in  the  blood  in  the  same  condition  of  wl 
tion  in  the  plasma  as  carbonic  acid. 
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Mechanism  of  the  Interchange  of  Gases  hetween  the  Blood 
and  the  Air,  in  the  Lunge, — The  gases  from  the  air  pass  Into 
tlie  blood,  and  the  gases  of  the  blood  are  exhaled  through 
the  delicate  membrane  which  separates  these  two  fluids,  in 
accordance  with  laws  which  are  now  well  understood.  The 
first  to  point  out  the  power  of  gases  thus  to  penetrate  and 
pass  through  membranes  was  the  late  Dr.  J.  K.  Mitchell,  of 
Fliiladelphia.*  His  attention  was  first  directed  to  this  subject 
by  noticing  the  escape  of  gas  from  gum-elastic  balloons  filled 
with  hydrogen.  In  order  to  satisfy  himself  tliat  the  gas 
passed  through  the  membrane  independently  of  pressure,  he 
put  difierent  gases  in  wide-mouthed  bottles  covered  with  gum- 
elastic,  and  by  a  series  of  ingenious  experiments,  which  have 
become  so  common  that  it  is  unnecessary  to  describe  them 
in  detail,  extended  Dutrocliet's  law  of  endosmosis  and  exos- 
mosis  to  the  gases.  He  demonstrated  the  same  phenomena 
when  he  used  thin  animal  membranes  instead  of  the  gum- 
elastic,  and  found  that  the  more  recent  the  membrane,  the 
more  rapid  was  the  action.  The  rapidity  of  transmission  was 
found  to  be  very  great  in  living  animals.  Observations  on 
the  lungs  of  the  snapping  turtle,  filled  with  air  and  placed  in 
an  atmosphere  of  carbonic  acid  or  nitrous  oxide,  shoAved  a 
very  rapid  passage  of  gas  from  the  exterior  to  the  interior. 
Dr.  Mitchell  recognized  the  passage  of  gases  through  mem- 
branes into  liquids,  and  the  exlialation  of  gases  which  were 
in  solution  in  these  liquids.  He  noted  this  action  in  the  ab- 
sorption of  oxygen  and  the  exhalation  of  carbonic  acid  in  the 
lungs ;  though  he  fell  into  the  error  of  supposing  that  there 
was  no  carbonic  acid  in  solution  in  tlie  blood,  and  that  it  was 
exhaled  as  soon  as  formed.'  A  few  years  later.  Dr.  Rogers, 
of  Philadelphia,  enclosed  a  fresh  pig's  bladder,  filled  with 

■  On  (kt  Pendraiivenesa  of  Fluids,  By  J.  K.  Mitchell,  M.D.,  Lecturer  on 
Medical  Chemistry  in  the  Philadelphia  Medical  Institute.  American  Journal  of 
thi  Medical  Sciencet,  Not.,  1830,  p.  86. 

•  Ibid.,  p.  56. 
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venous  blood,  in  a  bell-glass  of  oxygen.'  In  two  honiB  a 
quantity  of  oxygen  had  disappeared,  and  a  large  quantity  of 
carbonic  acid  Lad  made  its  appearance.  Dr.  Rogers  is  fre- 
quently referred  to  as  the  first  to  demonstrate  the  passage  of 
gases  tlirough  animal  membranes  to  and  from  the  blood. 
The  credit  of  this  is  due  to  Mitchell,  whose  paper  was  pub- 
lished in  1830,  while  the  experiments  of  Bogers  were  pub- 
lished in  1836. 

We  have  already  seen  that  the  blood  is  exposed  to  the  air 
in  the  lungs,  separated  from  it  only  by  a  very  delicate  mem- 
brane, over  an  immense  sxirface.  The  membrane,  far  from 
interfering  with  the  interchange  of  gases,  actually  favors  it ; 
and  thus,  in  obedience  to  the  laws  which  regulate  endosmofflB 
between  gases  and  liquids,  the  oxygen  is  continually  pasdng 
into  the  blood,  and  the  free  carbonic  acid  is  exhaled. 

General  Differences  in  the  Composition  of  Arterial  and 
Venaus  Blood. — All  observers  agree  that  there  are  certain 
marked  diflferences  in  the  composition  of  arterial  and  venous 
blood,  aside  from  their  free  gases.  The  arterial  blood  eon- 
tains  less  water,  and  is  richer  in  organic,  and  most  inorganic, 
constituents  than  the  venous  blood.  It  also  contains  a  greater 
proportion  of  corpuscles,  fibrin,  and  inorganic  salts.  It  is 
njore  coagulable,  and  offers  a  larger  and  firmer  clot  than 
venous  blood.  Numerous  analyses  have  failed  to  detect  a 
constant  difference  in  the  proportion  of  albumen ;  sometimes 
the  proportion  is  greater  in  the  venou%  and  sometimes  in  the 
ai-terial  blood.  The  only  principles  which  are  constantly 
more  abundant  in  venous  blood  are  water  and  the  alkaline 
carbonates.  10,000  parts  of  venous  blood  contained  12'3 
parts  of  carbonic  acid  combined,  and  the  same  quantity  of 
arterial  blood  contained  but  8*3  parts.*  The  deficiency  of 
water  in  the  blood  which  comes  from  the  lungs  is  readily  ex- 
plained by  the  escape  of  watery  vapor  in  the  expired  air. 

*  ETj>€rimcnts  on  the  B!ood^  etc.   By  Robert  E.  Bogers,  M.D.,  of  Phiiaddpbia. 
American  Journal  of  the  Medical  Scicncen^  August,  1836,  p.  296. 

•  LoxGET,  op  cit.y  tome  I,  p.  584. 
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An  important  distinction  between  arterial  and  venous 
blood  is  one  to  whicb  we  have  already  incidentally  alluded, 
viz.,  that  the  former  has  a  uniform  composition  in  all  i)arts  of 
the  arterial  system,  while  the  compositipn  of  the  latter  varies 
very  much  in  the  blood  coming  from  different  organs.  Arte- 
rial blood  is  capable  of  carrying  on  the  processes  of  nutrition ; 
while  venous  blood  is  not,  and  cannot  even  circulate  freely 
in  the  systemic  capillaries. 


CHAPTER  XIV, 

EELATI0N8    OF    KESPIRATION    TO    NUTRmON,   ETO, 

Views  of  physiologists  anterior  to  the  time  of  LaToisier — ^RdatioDS  of  the  cofr 
sumption  of  oxygen  to  nutrition — ^Relations  of  the  exhalation  of  carbonic  add 
to  nutrition — Essential  processes  of  respiration — The  respiratory  sense^  or 
want  on  the  part  of  the  system  which  induces  the  respiratory  movements^ 
Location  of  the  respiratory  sense  in  the  general  system — Sense  of  sufTocatioo 
— Respiratory  efforts  before  birth — Cutaneous  respiration — ^Asphyxia. 

It  has  been  demonstrated  that  all  tissues,  so  long  as  they 
retain  their  absolute  integrity  of  composition,  have  the  prop- 
erty of  appropriating  oxygen  and  exhaling  carbonic  acid,  in- 
dependently of  the  presence  of  blood ;  and  that  the  arterial 
blood  carries  oxygen  from  the  lungs  to  the  tissues,  there  gives 
it  up,  and  receives  carbonic  acid,  which  is  carried  by  the 
venous  blood  to  the  lungs,  to  be  exhaled.  From  this  fact 
alone,  it  is  more  than  probable  that  respiration  is  inseparably 
connected  with  the  general  act  of  nutrition.  Its  processes 
must  be  studied,  therefore,  as  they  take  place  in  the  tissues  and 
organs  of  the  body.  In  the  present  state  of  the  science,  the 
questions  which  naturally  arise  in  connection  with  the  essen 
tial  processes  of  respiration  are : 

1.  In  what  way  is  oxygen  consumed  in  the  system  ? 

2.  How  is  carbonic  acid  produced  by  the  system  ? 

3.  WJiat  is  the  nature  of  the  processes  which  take  place 
between  the  disappearance  of  oxygen  and  the  evolution  of 
carbonic  acid  ? 

When  these  questions  are  satisfactorily  answered,  we  shall 
understand  the  essence  of  respiration ;  but  in  reasoning  on  tliis 


BubJGct,  we  must  not  fall  into  tlie  error  of  aesiimkting  tlie 
respiratory  phenomena  too  closely  to  those  with  which  we  are 
acqaainted  as  they  occur  in  inorganic  bodies.  It  mast  be  re- 
membered that  iu  the  Organisin  we  are  dealing  with  jirineiples 
which  have  the  reiiiai-kablo  property  of  self-regeneration ; 
and  which,  as  a  simple  condition  of  vital  existence,  consume 
oxygen,  when  it  is  presented  to  them,  and  exhale  carbonic 
acid.  Withont  a  proper  supply  of  oxygen,  the  tissues  die, 
lose  these  peculiar  properties,  and  finally  disappear  by  putre- 
factive decomposition.  This  consumption  of  oxygen  cannot 
be  regarded  in  any  othtr  light  than  as  the  appropriation  by 
a  living  part,  of  an  element  necessary  to  supply  waste;  in 
tbe  same  way  as  those  materials  which  are  ordinarily  called 
nntritive  are  appropriated.  Tiiat  waate  is  continually  going 
on  there  can  be  no  doubt ;  and  aa  the  production  of  urea, 
creatine,  creatinine,  cholesterine,  etc.,  is  to  a  certain  extent 
independent  of  the  absorption  of  food,  so  the  production  of 
carbonic  acid  is  to  a  certain  extent  independent  of  the  ab- 
sorption of  oxygen.  This  baa  been  fully  demon etiiitetl  by 
the  experiments  of  Spallanzani,  Edwards,  Geo.  Liebig,  and 
others,  who  Iiave  noted  the  exiialation  of  carbonic  acid  in  at- 
mospheres which  contained  no  oxygen.  Ilow  different  are 
these  phenomena  from  those  which  attend  combinations  and 
decompositions  of  inorganic  matters  1  As  an  example,  let 
oxygen  be  brought  in  contact,  nnder  proper  conditions,  with 
iron.  Under  these  circumstances,  a  union  of  iron  and  oxy- 
gen ttiltes  place,  and  a  new  aubatance,  oxide  of  iron,  is  fonned, 
which  has  peculiar  and  distinct  properties.  In  the  same 
way,  carbonic  acid  may  be  disengaged  from  its  combinations 
by  the  action  of  a  stronger  aciil,  which  unites  with  the  base 
and  fontis  a  new  substance,  in  no  way  resembling  the  origi- 
nal salt.  To  make  the  contrast  still  more  striking,  let  a  hy 
dro-carbon,  like  fat,  be  heated  in  oxygen  or  the  air,  until  it 
undei^oes  combustion ;  it  is  then  changed  into  carbonic  acid 
and  water,  by  a  definite  chemical  reaction,  and  is  utterly  do- 
Btroyed  aa  fat. 


in 
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In  the  living  body  the  organic  iiitrogenized  principlw  are 
in  a  condition  of  continual  change ;  breaking  down,  and  form- 
ing various  esCTementitions  principles,  at  the  head  of  wliidi 
may  be  jilaccd  carbonic  acid.  It  is  essential  to  life  tJiat  the« 
principles  be  maintained  in  tlieir  chemical  intcgritr,  which 
requires  a  supply  of  fresh  matter  as  food,  and  above  all  ■ 
supply  of  oxygen.  "We  put  ourselves  in  tho  positiun  of  ^ 
noring  well-cstabliehcd  facts  and  principles  when  we  nssinii- 
latc  witliont  reserve  tho  process  of  the  consumption  of  oxygen 
and  production  of  carbonic  acid  by  living  organic  bodies,  li 
simple  cumbiistion  of  sugar  or  fat.  The  ancients  saw  tint 
the  breatli  was  warmer  than  the  surrounding  air,  that  io  tks 
lungs  the  air  took  beat  from  the  body ;  and  as  they  know  of 
no  other  changes  in  the  air  produced  by  respiration,  they  as- 
EDuied  that  its  object  was  simply  to  cool  tho  blood.  Lsvoieicr 
discovered  that  the  air,  containing  oxygen,  lost  a  jiortion  of 
this  ]irinciple  in  respiration,  and  gained  carbonic  acid  and 
watery  vapor,  lie  saw  that  this  might  be  imitated  by  the 
combustion  of  hydro-carbons,  such  as  exist  in  the  blood.  He 
called  respiration  a  slow  combustion,  and  regarded  as  ita  prin- 
cipal  otRce  the  maintenance  of  animal  temperature.  Wliou 
it  was  shown  by  analyses  of  tlie  blood  for  gnses,  that  oxygen 
was  not  consumed  in  the  lungs,  but  taken  up  by  the  circulating 
fluid,  and  carried  all  over  tho  body,  and  that  carbonic  add 
was  brought  from  all  parts  by  the  blood  to  ihe  Innga,  these 
facts,  taken  in  connection  with  the  fact  that  the  tissues  ham 
the  property  of  consuming  oxygen  and  estialing  carlwuie 
acid,  led  physiologists  to  change  the  location  of  the  combiu- 
tive  process  fi-om  the  lungs  to  the  tissues. 

yfe  cannot  stop  at  this  point.  Now  it  is  known  that  tlis 
oi-ganic  principles  of  tho  body,  which  form  tlie  basis  of  all 
tissues  and  organs,  are  continually  undergoing  change  as  I 
condition  of  existence;  that  they  do  not  unite  with  ant 
Eubstaiicc  in  definite  chouiical  proportions,  but  their  par 
tides,  alter  a  certain  period  of  existence,  degenerate  tsta 
excrcinentttious  substances,  and  they  are  regenerated  bT  aa 
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appropriation  and  change  of  materials  furnished  by  the  blood. 
As  far  as  the  respiration  of  these  parts  is  concerned,  we  can 
only  say,  that  in  this  process,  carbonic  acid  is  produced  and 
oxygen  is  consumed.  These  facts  show  that  respiration  is 
essentially  a  phenomenon  of  nutrition,  possessing  a  degree 
of  complexity  equal  to  that  of  tlie  other  nutritive  processes. 
It  must  be  acknowledged  that  thus  far  its  cause  and  intimate 
nature  have  eluded  investigation.  In  respiration  by  the  tis- 
sues, no  one  lias  yet  been  able  to  give  the  cause  of  the  ab- 
sorption of  oxygen  or  the  exhalation  of  carbonic  acid ;  or  to 
demonstrate  the  condition  in  which  oxygen  exists  when  once 
appropriated,  or  the  particular  changes  which  take  place, 
and  the  principles  which  are  lost,  in  the  formation  of  carbonic 
acid. 

The  views  of  physiologists  with  regard  to  the  essential 
processes  of  respiration,  before  the  time  of  Lavoisier,  have 
barely  an  historical  interest  at  the  present  day ;  except  the 
remarkable  idea  of  Mayow,  which  comprehended  nearly  the 
whole  process,  and  which  was  unnoticed  for  about  a  hundred 
years.*  It  is  not  our  object  to  dwell  upon  the  various  theo- 
ries which  have  been  proposed  from  time  to  time,  or  even 
to  ftdly  discuss,  in  this  connection,  the  combustion  theory  as 
proposed  by  Lavoisier,  and  modified  by  Liebig  and  others. 
Though  this  theorj"  is  nominally  received  by  many  physiolo- 
gists of  the  present  day,  it  will  be  found  that  most  of  them, 
in  accordance  with  the  facts  which  have  since  been  developed, 
really  regard  respiration  as  connected  with  nutrition.  They 
only  differ  from  those  who  reject  the  combustion  theorj^,  in 
their  definition  of  the  term  combustion.  Lavoisier  regarded 
respiration  as  a  slow  combustion  of  carbon  and  hydrogen ; 
and  if  every  rapid  or  slow  combination  of  oxygen  with  any 
other  body  be  considered  a  combustion,  this  view  is  abso- 
lutely correct,  and  was  proven  when  it  was  shown  that  oxygen 
united  with  any  of  the  tissues.  Longet  says  that  since  the 
time  of  Lavoisier  it  is  agreed  to  give  the  above  signification 

*  Sec  page  411. 
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t(i  tlie  word  cotnbustian ;'  bat  this  must  Biinply  be  for  the 
purpose  of  retaining  the  name  applied  by  Lavoisier  to  tlie 
respiratory  process,  wbilc  its  signification  ia  altered  to  snit 
tlie  facia  which  have  eince  taken  their  place  in  science.  Tbau 
is  no  doubt  that  combustion  is  generally  rfgurdetl  n»  signifv* 
ing  the  direct  and  active  nuion  of  oxygen  with  ci>rtaiu  iirhi- 
eiples,  which  commonly  contain  Cdrbou  and  hydrogen;  snd 
the  immediate  products  of  this  union  are  carbonic  acid,  w&tcr, 
and  incidentally  heat  and  light.  It  ia  certain  that  oxygen 
does  not  unite  in  the  body  directly  with  carbon  and  hydivgfo, 
though  it  is  consumed,  and  carbonic  acid  and  water  are  pro- 
duced, in  respiration.  Important  intermediftte  phenomena 
take  place,  and  we  do  not  therefore  fully  express  thereepiratOTT 
process  by  the  term  corabiislion.  The  researches  of  Spallan- 
zani,  "W.  F.  Edwanla,  Collard  de  Martigny,'  and  otbersjwbo 
have  demonstrated  the  abundant  exhalation  of  carbonic  add 
by  animals  and  by  tissues  deprived  of  fanjgeru,  sliow  that  it 
is  not  a  product  of  combustion  of  any  of  the  principle*  of  the 
organism.' 

Rejecting  this  hypothesis  as  insufficient  to  explain  the 
intimate  nature  of  the  respiratory  process,  it  remains  to  be 
aeeo  how  satisfactorily,  in  the  present  state  of  the  Bcienco,  it 
is  possible  to  answer  tlie  soventl  questions  propoeed  at  the; 
beginning  of  this  chapter. 

1.  Jn  what  Tcoy  is  tlie  oxygen  consumed  in  the  syUem  f— 
Oxygen,  first  taken  from  the  air  by  the  plasma  of  the  Irloodi 
is  immediately  absorbed  by,  and  enters  into  the  compo«itioa 
of,  the  i-cd  corpuscles.  Part  of  the  oxygen  disappears  in  the 
red  corpuscles  themselves,  and  carbouiu  acid  is  given  uS 

'  LOXQET,  Traili  dt  F^yaioloffii.  P>ria,  ISai,  tome  i,,  p.  S99,  noU. 

'  CoLLAkii  DE  UjRTiONT,  RetkrrAni  Etptrimeittaln  H  VriHqum  *tr  FA^ 
lorjiHan  et  mir  CEtkalolion  Saipiratoira, — Journal  dt  Ph^icloifU,  XBWi,  laiM 
s.,  ^m. 

*  %'iirioiu  other  considcnitioiu  coaceniiDg  the  combiution  Ibfoiy  of  ru|ih» 
lion,  Buch  as  the  Eo-ciQcd  "respiratoir,  or  calorific  fi;Dil,"«UI  bo  tl 
connvclloii  witb  the  eubject  of  BDiauU  beat. 
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To  bow  great  an  extent  tliis  takes  place  it  is  iiii]>ossible  to 
Bay ;  but  it  ia  evident,  even  from  a  study  of  the  methods  of 
analyses  of  the  blood  for  gases,  that  the  property  ol'  absorbing 
oxygen  atd  giving  off  carljonic  acid,  which  Spallanzarii  dem- 
onstrated to  belong  to  the  tissues,  is  possessed  as  well  by  the 
red  corpnsclea.  During  Hfo  it  is  not  possible  to  determine 
bow  far  this  takes  place  in  tlie  blood,  and  how  far  in  the 
tissoes.  Lagrange  and  Haascnfratz'  advanced  the  theory 
that  all  the  respiratory  chanf^  takes  place  in  the  blood  as  it 
circnlates ;  but  the  avidity  of  the  tissues  for  oxygen,  and  the 
readiness  with  which  they  exhale  carbonic  acid,  leave  no 
room  for  doubt  that  much  of  this  change  ia  effected  ia  their 
substance.  The  late  experiments  of  Bernard,"  showing  that 
when  blood  is  sent  to  tlie  glands  in  large  quantities,  the 
oxygen  ia  only  imperfectly  destroyed,  the  blood  which  is 
returned  by  the  veins  hanng  nearly  the  color  of  arterial 
blood,  are  positive  evidence  against  this  view. 

Oxygen,  carried  by  the  blood  to  the  tissues,  ia  appropri- 
ated and  consumed  in  their  substance,  together  with  the  nu- 
tritive materials  with  which  the  circulating  fluid  is  charged. 
We  are  acquainted  with  some  of  the  laws  which  regulate  its 
consumption,  but  have  not  been  able  to  follow  it  out  and  as- 
certain the  exact  nature  of  the  changes  which  take  place. 
Some  liave  said  that  oxygen  unites  with  tlie  iron  of  the 
blood,  or  with  the  coloring  matter  of  the  corpuscles;  but  ex- 
periments on  this  point  are  contradictory  and  unsatisfactory. 
Some  have  said  that  it  unites  with  the  liydro-carbona  of  the 
blood  and  of  the  tissues ;  but  there  ia  more  evidence  that  it 
enters  into  combination  chiefly  with  the  organic  nitrogenized 
principles.     All  tiiat  we  can  say  definitely  on  this  point  is, 

'  BiKODirtUTz,  Jfimoi'rff  I'lr  la  CoiniinaUort  deTOzygint  arte  U  Carboat  it 
t ^droffiiudu  Saiiffftvr  la  DiuoltUvmdeVOistfhiedanhSansytt  tvrla  Maniin 
dant  It  Caloricpu  le  dfyagt. — Aniuittt  de  Chimie,  1T9I,  tome  ix.,  p.  361. 

*  Liquidtt  dc  C Organitim,  tocici.;  uid  unpublisbcd  Icctaces  at  Ihc  College  oT 
France,  18S1.  In  tbo  ktlcr,  Bcnunl  ^rea  compora^re  anulrges  of  Ihe  venom 
blood  ^ni  ihc  submiixillaiy  glind,  sboning  a  lar^r  proportion  of  oijgen  durinf; 
\U  limctioiuil  sdiTilf  tban  duriag  repose. 
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tliat  it  unites  with  tlio  oi^anic  principlea  of  the  eystem,  utit- 
fj-ing  tbe  "  respiratory  sense,"  and  supplying  an  iinpcratin 
want  which  is  felt  by  all  animals,  and  extends  to  all  pttrUof 
Ibe  organiara.  After  being  absorbed,  it  is  loet  in  tbeinlri- 
cnte  processes  of  nutrition.  There  is  no  evidence  in  favor  of 
the  view  that  oxygen  unites  directly  with  carbonaceous  mil- 
ters in  tliQ  blood  which  it  meets  in  the  lungs,  and,  bydtrca 
anion  with  carbon,  forms  carbonic  acid. 

2.  H&w  is  carbonic  acid  produced  bif  the  ayet^tm  /— 
That  carbonic  acid  makes  its  appearance  in  the  blood  il- 
self,  prodaced  in  the  red  corpuscles,  has  been  sbondootly 
proven  by  observations  already  cited ;  though  it  ia  impos- 
sible to  determine  to  what  extent  this  takea  jOace  during 
life.  It  is  likewise  a  product  of  the  physiological  decom[>o- 
sition  of  tlio  tissues,  wlience  it  is  absorbed  by  the  blood  lJi^ 
culating  in  the  capillaries  and  conveyed  by  the  veins  to  the 
right  side  of  the  heart.  It  has  been  experimentally  demon- 
strated that  its  production  is  not  immediately  dejjendent 
upon  the  absorption  of  oxygen ;  I'or  it  will  go  on  in  an  atmo*- 
pbere  of  hydrogen  or  of  nitrogen.  It  is  most  reasonable  to 
consider  the  carbonic  acid  thus  formed  as  a  product  of  excre- 
tion or  destructive  assimilation,  like  urea,  creatine,  or  obolee- 
terine.  The  fact  that  it  may  easily  be  produced  artitiuiully, 
out  of  the  body,  does  not  demonstrate  that  its  formation 
in  the  body  is  ae  simple  as  when  it  ia  formed  by  the  pro- 
s  of  combustion.  We  may  be  able  at  some  fntore  time 
to  produce  artificially  all  the  escremeatitious  principle^ 
as  haa  already  been  done  in  the  case  of  urea; '  but  nvo  an 
hardly  justified  in  supposing  that  the  mode  of  formation 
of  this  principle,  as  one  of  tlie  phenomena  of  nutrition,  is 
precisely  the  same  aa  when  it  is  made  by  our  chemical  ma- 
nipulations. 

'  WOUer  flrat  Jbnncd  ares  urtLGcbll]-  bv  a  union  of  cfinic  uU  and  an- 
iBonia.  ^cc  llieu  it  hoa  been  prepnraJ  li;  cbcniifU  b;  vuious  praoMMi 
(LnauKH,  Phyiiolo^eal  Chemittry,  Pbilflilelpbio,  18S0,  ToL  i.,  p.  Hit 
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As  expressing  nearly  all  that  is  known,  even  at  the  pres- 
ent day,  regarding  the  mode  of  formation  of  carbonic  acid 
in  the  economy,  we  may  take  the  following  concluding  passage 
jfrom  the  paper  of  Collard  de  Martigny,  published  in  1830 :  * 

"The  carbonic  acid  expired  is  a  product  of  ammilatrcC 
decomposition^  secreted  in  the  capillaries  and  excreted  by  the 
lungs." 

Tlie  carbonic  acid  thus  produced  is  taken  up  by  the 
blood,  part  of  it  in  a  free  state  in  solution,  particularly  in 
the  plasma,  and  a  part  which  has  united  with  the  carbonates 
to  form  bicarbonates.  Carried  thus  to  the  lungs,  the  free 
gas  is  removed  by  simple  displacement,  and  that  which 
exists  in  combination  is  set  free  by  the  acids  found  in  the 
pulmonary  substance. 

3.  What  is  the  nature  of  the  intermediate  processes^  from 
the  disaj>p€<irance  of  oxygen  to  the  evolution  of  carbonic 
add? — A  definite  answer  to  this  question  would  complete 
our  knowledge  of  the  respiratory  process ;  but  this,  in  the 
present  state  of  the  science,  we  are  not  prepared  to  give.  We 
can  only  repeat  what  has  already  been  so  frequently  referred 
to,  that  oxygen  must  be  considered  as  a  nutritive  principle, 
and  carbonic  acid  a  product  of  excretion.  The  intermediate 
processes  belong  to  the  general  function  of  nutrition,  with 
the  intimate  nature  of  which  wo  are  unacquainted.  We 
have  not  sufficient  evidence  for  supposing  that  this  process 
is  identical  with  what  is  generallv  known  as  combustion. 

The  Hespiratory  Sense;  or  Want  on  the  part  of  the  System 
which  induces  the  Respiratory  Movements.  {Besoin  dc 
respirer.) 

We  are  all  familiar  wuth  the  peculiar  and  distressing 

^  2jO€,  city  p.  160.  The  author  adds:  **Tho  chemical  theory  of  Lavoisier, 
of  respiration,  is  a  gratuitous  supposition.  This  function  should  be  con^dered 
ai  a  complete  series  of  acts  of  general  assimilation.'* 

31 
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sense  of  suffocation  which  attends  an  intermption  in  the  re- 
spiratory process.  Under  ordinary  conditions,  the  act  of 
breathing  takes  place  without  onr  knowledge;  but  even 
when  the  air  is  but  little  vitiated,  when  its  entrance  into  the 
lungs  is  slightly  interfered  with,  or  when  a  considerable 
portion  of  the  pulmonary  structure  is  involved  by  disease, 
we  experience  a  certain  sense  of  uneasiness,  and  become  con- 
scious of  the  necessity  of  respiratory  efforts.  This  gradually 
merges  into  the  sense  of  suffocation,  and,  if  the  obstruction  to 
sufficient,  is  followed  by  convulsions,  insensibility,  and  final- 
ly by  death. 

Though  we  are  not  sensible  of  any  want  of  air  under  o^ 
dinary  conditions,  it  was  proven  by  the  celebrated  experi 
ment  of  Kobert  Hook,  in  1664,  that  there  is  a  want  always 
felt  by  the  system ;  and  that  if  this  want  be  effectually  sup- 
plied, no  respiratory  movements  will  take  place.  We  have 
oft^n  repeated  the  experiment  demonstrating  this  fact.  If  a 
dog  be  brought  completely  under  the  influence  of  ether,  the 
chest  and  abdomen  opened,  and  artificial  respiration  be 
carefully  kept  up  by  means  of  a  bellows  fixed  in  the  trachea, 
even  after  the  animal  has  come  from  under  the  influence  of 
the  anaesthetic,  so  as  to  look  around  and  wag  his  tail  when 
spoken  to,  he  will  frequently  cease  all  respiratory  move- 
ments when  the  air  is  properly  supplied  to  the  lungs.  This 
fact  can  be  very  satisfactorily  observed,  as  the  diaphragm 
and  other  important  respiratory  muscles  are  denuded,  and 
exposed  to  view.  If  the  artificial  respiration  be  interrupted 
or  imperfectly  performed,  the  animal  almost  immediately 
feels  the  want  of  air,  and  the  exposed  respiratory  muscles 
are  thrown  into  violent  but  inefiectual  contraction.* 

It  is  generally  admitted,  indeed,  that  there  exists  in  the 

*  For  full  details  of  these  experiments  the  reader  is  referred  to  an  article  by 
the  author,  entitled  Experimental  Rescarcha  on  Points  connected  teith  tJm  Action 
of  tfie  Heart  and  with  Respiration  {American  Journal  of  the  Medical  Sciejic€$^  Oct., 
18G1).  Since  the  publication  of  this  paper,  the  experiments  on  respiration  have 
been  frequently  repeated  publicly,  and  the  conclusions  verified. 
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system  what  may  appropriately  be  called  a  respiratory  sense^ 
or,  as  it  is  called  by  the  French,  lesoin  de  resjnrer^  which  is 
conveyed  to  the  respiratory  nervous  centre  and  gives  rise  to 
the  ordinary  reflex  and  involuntary  movements  of  respira- 
tion ;  that  this  sense  is  exaggerated  by  any  thing  which  inter- 
feres with  respiration,  and  is  then  carried  on  to  the  brain, 
where  it  is  appreciated  as  dyspnoea,  and  finally  as  the  over- 
powering sense  of  suffocation.  An  exaggeration  of  the 
respiratory  sense  constitutes  an  oppression,  which  is  referred 
to  the  lungs.  It  has  been  demonstrated,  however,  that  the 
sensation  of  hunger,  which  is  felt  in  the  stomach,  and  of 
thirst,  which  is  felt  in  the  throat  and  fauces,  have  their  seat 
really  in  the  general  system,  and  are  instinctively  referred 
to  the  parts  mentioned,  because  they  are  severally  relieved  by 
the  introduction  of  food  into  the  stomach,  and  the  passage 
of  liquid  along  the  throat  and  oesophagus.  It  cannot  there- 
fore be  assumed,  from  sensations  only,  that  the  sense  of  want 
of  air  is  really  located  in  the  lungs.  The  question  of  its  seat 
and  its  immediate  cause  is  one  of  the  most  interesting  of 
those  connected  with  respiration. 

Many  physiologists  accept  the  view  of  Marshall  Hall,  who 
first  accurately  described  the  reflex  phenomena,  that  the  re- 
spiratory sense  is  located  in  the  lungs,  is  carried  to  the  medulla 
oblongata  by  the  pulmonary  branches  of  the  pneumogastric 
nerves,  and  is  due  to  the  accumulation  of  carbonic  acid  in  the 
pulmonary  vesicles ;  but  there  are  facts  in  physiology  and 
pathology  which  are  inconsistent  with  such  an  exclusive  view. 

In  cases  of  disease  of  the  heart,  when  the  system  is  im- 
perfectly supplied  with  oxygenated  blood,  the  sense  of  suffoca- 
tion is  frequently  most  distressing,  though  the  lungs  be  unaf- 
fected, and  receive  a  sufiicient  supply  of  pure  air.  This  and 
other  similar  facts  led  Berard  to  adopt  the  view  that  the 
respiratory  sense  has  its  point  of  departure  in  the  right  cavi- 
ties of  the  heart,  and  is  due  to  their  distention  as  the  result  of 
obstruction  to  the  passage  of  blood  through  the  lungs.*     John 

*  Cours  de  Phi/giologie^  tome  ill,  p.  523. 
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Reid  thought  it  was  due  in  a  measure  to  the  circulation  of 
venous  blood  in  the  medulla  oblongata.*  What  has  been 
shown  to  be  the  correct  explanation  was  given  by  Yolkmann 
in  184:1.  He  regarded  the  sense  of  want  of  air  as  dependent 
on  a  deficiency  of  oxygen  in  the  tissues,  producing  an  im- 
pression which  is  conveyed  to  the  medulla  oblongata  by  the 
nerves  of  general  sensibility.  By  a  series  of  experiments,  this 
observer  disproved  the  view  that  this  sense  resides  in  the  lungs 
and  is  transmitted  along  the  pneumogastric  nerves ;  and  by 
exclusion,  he  located  it  in  the  general  system,  and  showed  that 
such  a  supposition  is  competent  to  explain  all  the  phenomena 
connected  with  the  respiratory  movements.'  In  the  hope  of 
settling  some  of  these  questions,  which  might  be  regarded  as 
somewhat  uncertain,  we  instituted,  a  few  years  ago,  a  series  of 
experiments,  which  were  embodied  in  the  paper  already  re- 
ferred to.'  In  these  observations,  the  following  facts,  some  of 
which  had  been  previously  noted,  were  demonstrated  ;  and 
their  results  leave  no  doubt  as  to  the  location  and  cause  of 
the  respiratory  sense : 

1.  If  the  chest  be  opened  in  a  living  animal,  and  artificial 
respiration  be  carefully  performed,  inflating  the  lungs  suffi- 
ciently but  cautiously,  and  taking  care  to  change  the  air  in 

*  An  Experimental  Jnvetiigation  into  the  Functions  of  the  Eighth  Pair  of 
XcrviSj  etc.  Part  second.  Anatomical  and  Physiological  Jiescarche*^  £dm- 
burgli,  1848,  p.  286  ;  and  Edinburgh  Medical  and  Surgical  Journal, 
April,  1839. 

^  VoLKMANX,  in  Schmldi^s  Jahrbiicher,  1842,  p.  290.  Yolkmann  shows  that 
aftcT  division  of  the  pncumogastrics,  an  animal  dies  when  deprived  of  air,  not 
calmly,  but  \rith  undoubted  symptoms  of  distress  from  suffocation,  as  if  it  had 
been  strangled  without  previous  division  of  the  vagi.  He  also  made  a  nimiber  of 
experiments,  in  which  respiratory  efforts  continued  for  many  minutes  after  extir- 
pation of  the  lungs,  in  cats  and  dogs,  care  being  taken  to  leave  the  phrenic  nerves 
intact.  He  goes  on  to  reason  that  the  sense  of  want  of  air  must  reside  in  the  gen- 
eral system,  that  it  is  due  to  a  deficiency  of  oxygen,  and  that  its  exaggeration 
constitutes  the  sense  of  suffocation.  His  observations  do  not  show,  bowerer, 
that  this  is  not  due  to  the  presence  of  carbonic  acid,  as  has  been  supposed  by 
many.  Vicrordt  is  of  the  opinion  that  the  respiratory  sense  is  due  to  the  circik> 
lation  of  the  venous  blood  in  the  substance  of  the  uenrea. 

'  American  JourncU^  October,  1861. 
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tlie  bellows  every  few  moments,  as  long  as  this  is  continued, 
the  animal  will  make  no  respiratory  effo*rt ;  showing  that,  for 
the  time,  the  respiratory  sense  is  abolished. 

2.  When  the  artificial  respiration  is  interrupted,  the  respi- 
ratory muscles  are  thrown  into  contraction,  and  the  animal 
mokes  regular,  and  at  last  violent  eflfbrts.  If  we  now  expose 
an  artery,  and  note  the  color  of  the  blood  as  it  flows,  it  will 
be  observed  that  the  respiratory  efforts  only  commence  when 
the  blood  in  the  vessel  begins  to  be  dark.  When  artificial 
respiration  is  resumed,  the  respiratory  efforts  cease  only  when 
the  blood  becomes  red  in  the  arteries.  The  invariable  result 
of  this  experiment  seems  to  show  that  the  respiratory  sense  is 
connected  with  a  supply  of  blood  containing  little  oxygen 
and  charged  with  carbonic  acid  to  the  systemic  cajnllaries  by 
the  arteries,  and  that  it  varies  in  intensity  with  the  degreq 
of  change  in  the  blood. 

3.  If,  while  artificial  respiration  is  regularly  performed,  a 
large  artery  be  opened,  and  the  system  be  thus  drained  of 
blood,  when  the  hemorrhage  has  proceeded  to  a  certain  ex- 
tent, the  animal  makes  respiratory  efforts,  which  become 
more  and  more  violent,  until  they  terminate,  just  before 
death,  in  general  convulsions.  The  same  result  follows  when 
the  blood  is  prevented  from  getting  to  the  system  by  applying 
a  ligature  to  the  aorta. 

These  facts,  which  may  be  successively  observed  in  a 
single  experiment,  remain  precisely  the  same  if  we  previously 
divide  both  pneumogastric  nerves  in  tlie  neck ;  showing  that 
these  are  by  no  means  the  only  nerves  which  convey  the 
respiratory  sense  to  the  medulla  oblongata. 

The  conclusions  which  may  legitimately  be  drawn  from 
the  above-mentioned  facts  are  the  following  : 

The  respiratory  sense  has  its  seat  in  the  system,  and  is 
transmitted  to  the  medulla  oblongata  by  the  general  sensory 
nerves.  It  is  not  located  in  the  lungs,  for  it  operates  w'hen 
the  lungs  are  regularly  filled  with  pure  air,  if  the  system  be 
drained  of  the  oxygen-carrying  fluid. 
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It  is  due  to  a  want  of  oxygen  on  the  part  of  the  system, 
and  not  to  any  fancied  irritant  properties  of  carbonic  add; 
for  when  the  lungs  are  filled  with  air,  and  the  system  is  grad- 
ually drained  of  blood,  though  all  the  blood  which  finds  its 
way  to  the  capillaries  is  fully  oxygenated,  as  the  quantity 
becomes  insuflScient  to  supply  the  required  amount  of  oxygen, 
the  sense  of  want  of  air  is  felt,  and  respiratory  eflforts  take 
place.     The  experimental  results  on  which  these  conclusions 
are  based  are  invariable,  and  have  been  demonstrated  re- 
peatedly ;  so  that  the  location  of  the  respiratory  sense  in  the 
general  system,  and  the  fact  that  it  is  an  expression  of  a  want 
of  oxygen,  seem  as  certain  as  that  oxygen  is  taken  up  by  the 
blood  from  the  lungs,  and  distributed  to  the  tissues  by  the 
arteries.    With  this  view  we  can  explain  all  the  reflex  phe- 
nomena which  are  connected  with  the  respiratory  function.' 

The  supposition  of  Berard  that  the  respiratory  sense  is 
due  to  distention  of  the  right  cavities  of  the  heart  is  disproved 
by  the  simple  experiment  of  sudden  excision  of  this  organ. 
In  that  case,  as  the  system  is  drained  of  blood,  eflfbrts  at 
respiration  invariably  take  place,  though  the  supply  of  air  to 
the  lungs  be  continued. 

Sense  of  Suffocation. — We  must  separate,  to  a  certain 
extent,  the  respiratory  sense  from  the  sense  of  distress  fix)m 
want  of  air,  and  its  extreme  degree,  the  sense  of  suffocation. 
The  first  is  not  a  sensation,  but  an  impression  conveyed  to 
the  medulla  oblongata,  giving  rise  to  involuntary  i-eflex  move- 
ments. The  necessities  on  the  part  of  the  system  for  oxygen 
regulate  the  supply  of  air  to  the  lungs.  Wo  have  already 
seen  that  every  five  to  eight  respirations,  or  when  the  respi- 

*  There  arc  many  phenomena  which  physiologists  found  it  impossible  to  ex- 
plain on  the  supposition  that  the  "  hftoin  de  respirer'*^  was  located  in  the  lungs  and 
conveyed  to  the  medulla  oblongata  by  the  pneumogastrics ;  among  which  may 
be  mentioned  the  effect  of  irritation  of  the  general  surface  in  the  resuscitation  of 
new-bom  children  in  which  respiration  is  not  established  spontaneously.  Dr. 
Marshall  UuU  and  John  Reid  thought  that  in  these  cases  the  sensory  filaments  dis* 
tributed  on  the  skin  had  something  to  do  in  transmitting  impressions  to  the  rc«pi- 
ratorv  centre. 
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ratory  movements  are  a  little  restricted  under  the  influence 
of  depressing  emotions,  an  involuntary  deep  or  sighing  in- 
spiration is  made,  for  the  purpose  of  changing  the  air  in  the 
lungs  more  completely.  The  increased  consumption  of  oxygen 
and  a  certain  amount  of  interference  with  the  mechanical 
proce83  of  respiration  during  violent  muscular  exercise  jjut 
us  *•'  out  of  breath ;"  and  for  a  time  the  respiratory  move- 
ments are  exaggerated.  This  is  perhaps  the  first  physiological 
way  in  which  the  want  of  air  is  appreciated  by  the  senses. 
A  deficiency  in  hematosis,  either  from  a  vitiated  atmosphere, 
mechanical  obstruction  in  the  air-passages,  or  grave  trouble 
in  the  general  circulation,  produces  all  grades  of  sensations, 
from  the  slight  oppression  which  is  felt  in  a  crowded  room, 
to  the  intense  distress  of  suffocation^  When  hematosis  is  but 
slightly  interfered  with,  only  an  indefinite  sense  of  oppression 
is  experienced ;  the  respiratory  movements  are  a  little  in- 
creased, the  most  marked  effect  being  an  increase  in  the 
number  and  extent  of  sighing  inspirations.  In  the  experi- 
ments upon  animals  to  which  we  have  referred,  when  artifi- 
cial respiration  was  interrupted,  we  first  noticed  regular  and 
not  violent  contractions  of  the  respiratory  muscles ;  but  as  the 
sense  of  want  of  air  increased,  every  muscle  which  could  be 
used  to  raise  the  chest  was  brought  into  action.  In  the 
human  subject  in  this  condition,  the  countenance  has  a 
peculiar  expression  of  anxiety  and  distress,  and  the  move- 
ments soon  extend  to  the  entire  muscular  system,  resulting 
in  general  convulsions,  and,  finally,  insensibility. 

Bearing  in  mind  the  fact,  that  though  these  sensations 
are  referred  to  the  lungs,  indicating  increased  respiratory 
effort  as  the  common  means  for  their  relief,  they  have  their 
real  point  of  departure  in  tl>e  general  system,  we  can  under- 
stand the  operation  of  various  abnormal  conditions  of  the 
circulation,  when  the  lungs  are  adequately  supplied  with 
fresh  air.  The  first  subjective  symptom  of  air  in  the  veins 
is  a  sense  of  impending  suffocation.  There  is  no  want  of  air 
in  the  lungs,  but  the  circulation  is  instantaneously  inter- 
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mpted,  and  oxygenated  blood  is  not  supplied  to  the  t» 
sues.     The  same  effect,  practically,  follows  abstractioa  of 
the  circulating  fluid,  or  the  absorption  of  any  poisonous  agent 
which  destroys  the  function  of  the  corpuscles  as  carriers  of 
oxygen ;  though  in  hemorrhage,  the  effects  are  not  as  mari^ed, 
as  generally  the  system  is  gradually  debilitated  by  the  pro- 
gressive loss  of  blood.    It  was  invariably  noticed  in  the  ex- 
periments above  referred  to,  that  after  the  division  of  a  laige 
artery,  though  artificial  respiration  was  carefully  peribrmed, 
respiratory  efforts  took  place  when  the  system  was  nearlj 
drained  of  blood.    As  the  hemorrage  continued,  these  efforts 
became  more  violent,  and  eventuated,  just  before  death,  in 
general  convulsions.*    A  comparison  of  this  experiment  with 
those  in  which  artificial  respiration  was  simply  interrupted 
shows  that  in  sudden  hemorrhage  there  can  be  no  doubt  that 
the  system  feek  the  want  of  oxygen ;  and  when  the  loss  of 
blood  is  very  great,  this  is  increased  until  it  amounts  to  a 
sense  of  suffocation.    In  gradual  hemorrhage,  there  is  a  con- 

*  "  Erpt  xxxiv.,  Feb.  19,  1861.  A  good-sized  dog  was  etherized  and  the  chest 
opened  in  the  usual  way.  Artificial  respiration  was  established,  and  Expt.  xxix. 
Terified.  The  blood  was  then  allowed  to  flow  freely  from  the  femoral  artcrr, 
while  artificial  respiration  was  actively  continued.  While  the  blood  continued  to 
flow,  the  respiratory  muscles  were  carefully  observed.  During  the  first  part  of 
the  bleeding  no  respiratory  efforts  took  place;  hut  vhen  the  blood  hadjloved/or 
a  co7isidcral/le  time^  and  the  st/fttem  teas  becoming  drained^  respiratory  rjhrts  con^ 
vunced^  feeble  atjirsty  but  as  the  bleeding  continued^  becoming  more  violent  until  the 
whole  muscular  systan  was  affected  by  convulsive  movements^  {Am,  Joum,^  loc 
cit.,  p.  376.) 

Convulsions  after  profuse  hemorrhage  have  long  been  observed  by  physiol- 
ogists, but  no  entirely  satisfactory  explanation  of  their  occurrence  has  ever  been 
given.  There  now  can  be  no  doubt  that  they  are  due  to  a  deficiency  of  oxygen. 
The  experiments  of  Kusmaul  and  Tenner  ( On  the  Xaiure  and  Origin  of  EpitepH- 
ftnn  Convulsions  caused  by  Profuse  Bleeding,  New  Sydenham  Society,  London, 
1859)  show  that  convulsions  may  be  produced  by  ligature  of  the  gnat  vessels 
carrying  blood  to  the  brain.  In  this  case  they  are  probably  due  to  a  deficiency  of 
oxygen  in  this  vascular  and  highly  organized  part  In  their  experu||cnt3,  which 
were  made  on  rabbits,  it  was  observed  that  "  respiration  is  at  first  accelerated,  but 
shortly  afterwards,  a  little  while  *before  the  approach  of  general  convulsions,  ii 
becomes  prolonged  and  deep."    P.  14. 
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Bervative  provision  of  Nature,  by  which  faintness  and  dimi- 
Dutioo  in  the  force  of  the  heart's  action  favor  the  arrest  o1 
the  flow  of  blood. 

Poisoning  by  carbonic  oxide  is  generally  accompanied  with 
convulsions,  which  arise  from  the  sense  of  suffocation,  and  are 
due  to  a  fixation  of  this  gas  in  the  blood-corpuscles,  by  wliich 
they  are  rendered  incapable  of  giving  oxygen  to  the  system. 
Convulsions  also  attend  poisoning  by  hydrocyanic  acid,  in 
cases  in  which  the  system  is  not  overpowered  immediately  by  a 
large  dose  of  this  agent,  and  the  muscular  irritability  destroyed. 

Experiments  have  failed  to  show  that  the  respiratory 
sense,  or  the  sense  of  suffocation,  is  due  to  irritation  produced 
by  carbonic  acid  in  the  non-oxygenated  blood. 

Respiratory  Efforts  hefore  Birth. 

It  is  generally  admitted  that  one  of  the  most  important 
functions  of  the  placenta,  and  the  one  whicli  is  most  im- 
mediately connected  with  the  life  of  the  foetus,  is  a  respira- 
tory interchange  of  gases,  analogous  to  that  which  takes 
place  in  the  gills  of  aquatic  animals.  The  vascular  pro- 
longations from  the  foetus  are  continually  bathed  in  the 
blood  of  the  mother,  and  this  is  the  only  way  in  w^hich  it 
can  receive  oxygen.  Notwithstanding  the  statements  of 
those  who  have  been  unable  to  note  any  difference  in  color 
between  the  blood  contained  in  the  umbilical  arteries  and 
the  vein,  there  are  direct  observations  showing  that  such  a 
difference  does  exist.  Legallois  frequently  observed  a  bright 
red  color  in  the  blood  of  the  umbilical  vein ;  and  on  alter- 
nately compressing  and  releasing  the  vessel,  he  saw  the  blood 
change  in  color  successively  from  red  to  dark,  and  dark  to 
red.*  As  oxygen  is  thus  adequately  supplied  to  the  system, 
the  foetus  is  in  a  condition  similar  to  that  of  the  animals  in 
which  artificial  respiration  was  effectually  performed.  The 
want  of  oxygen  is  fully  met,  and  therefore  no  respiratory 

'  Blhard,  CourB  dc  Physiologic^  tome  iii.,  p.  422. 
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efforts  tafeo  place.     Kespiratory  movements  willub] 
however,  even  in  very  young  aaimals,  wlien  then  ii 
ciency  ol'  osygeu  in  tlie  syBtcm,      It    has  been  ohmM 
the  lujtior  auiiiii  occasioEally  finds  il^s  way  iututLen 
tory  passagea  of  the  fcetiis,  where  it  could  only  eotcr  is 
at  respiration,     "Winslow,  in  the  latter  part  of  ibe  \m\ 
tury,  tirst  noticed  respiratory  efforts   in   the  fceSmndi 
and  dogs,  in  the  uterus  of  the  mother  during  life ;'  ndi 
othera  have  observed  that  when  fcetuees  are  n 
vascular  connection  with  the  mother,  they  will 
ons  efforts  at  respiration.     This  fact  we  have 
occasion  to  demonstrate  in  making  operations  upon 
animals.     Ai\er  the  death  of  the  mother,  the  fcetoi  ill 
makes  a  certain  ntimber  of  respiratory  efforts,  wlndi  H 
uncertain  in  their  character,  but  distinct,   accompuM 
great  elevation  of  the  ribs,  opening  of  the  mouth,  nd  i| 
ing  each  other  at  regular  intervals,  independently  of  iniM 
of  the  general  surface.*  j 

From  what  haa  been  experimentally  demoDatntel  | 
regard  to  the  location  and  canso  of  the  respiratory  Eeniei 
birth,  it  is  evident  that  want  of  oxygen  is  the  cause  4 
Bpiratory  movements  in  the  ftetus.  When  tbe  drcnMd 
the  maternal  portion  of  the  placenta  is  interrnpted  ftsa 
cause,  nr  ^vhcn  Hit-  hlon.J  nf  Iho  fa'li!s  i^  ob.^triU'ti-4  ]: 
courac  In  iiiiil  from  the  ]>lace!ita,  the  iinpres^^ion  dui'  |.i 
want  of  .i.vvi^cn  i^  coiivcycil  In  tlic  medulla  oblo'ii'ara. 
dl'urts  ;it  iv.-pu-ntinii  inv  ll.i- iv-^uU.  '1'!);:^  (.■aiiiint  J...- ui 
ail  iicMHiiiihiliui]  ufc;ii-l".;iir  ^n'iii  ill  tl.u  luUiTi.  ami  i-mi 


I  ByiH-h  ■iml ruril^ii  .\f,':!im.r/.;riir:ii.<il  /^^■ciicy,  Ajiril,  ISfll,  p,  SS^l 
'  Vi'e  laki'  lV"iii  our  nnlp-liook  tbe  lull.iwins  ubsorration  slioiri.ig  ks]. 
ffforls  ill  n  VLTv  joun;:  niiiiniil : 

"  Jiiii.  fi,  laiiS.  In  OfiCTLitiii?  lij-iljij-  on  a  small-siieJ  biidi,  for  tlip  put^ 
Oi'iDuiisUTiliiif:  (hi!  tl)'i'cis>iiic  jirui'i-^  in  llie  tivcr,  I  found  bcr  pre^aai, 
tin'  UlivHH  wiw  eH  pnp!",  curlniuly  iiitt  mare  (Imu  nnc-rourtli  tlic  »iie  Hhic 
iltnin  bff'iirr  Wrlli.  (Thyj-  n'l-n-  (mr  iiu'lus  loii^.)  On  rctuovinfj  IJiitd  tr 
ttnuili,  1111,1  lihlLlIii'!  liip  iiinijilii'il  vr-cN,  llirv  dl  mmlf  a  nunilitr  of  j.r 
ri^ui-:!Uny  L'Tiirt^  al  inli^rval^  of  flora  tnu  Ui  llin^r  minuios," 


^       ^ 


CUTANEOUS  RESPIRATION.  489 

consistent  with  our  views,  locating  the  respiratory  sense  in 
the  general  system.* 

Cutaneous  Respiration. 

This  mode  of  respiration,  though  very  important  in 
many  of  the  lower  orders  of  animals,  is  insignificant  in  the 
human  subject,  and  even  more  slight  in  animals  covered 
with  hair  or  feathers.'  Still,  an  appreciable  quantity  of 
oxygen  is  absorbed  by  the  skin  of  the  human  subject, 
and  an  amount  of  carbonic  acid,  which  is  proportionately 
larger,  is  exhaled.  Exhalation  of  carbonic  acid,  which  is 
connected  rather  with  the  functions  of  the  skin  as  a  general 
excreting  organ  and  is  by  no  means  an  essential  part  of  the 
respiratory  process,  will  be  more  fully  considered  under  the 
head  of  excretion.  Carbonic  acid  is  given  off  with  the  general 
emanations  from  the  surface,  being  found  at  the  same  time 
in  solution  in  the  urine  and  in  most  of  the  secretions.  It  is 
well  known  that  death  follows  the  application  of  an  imper- 
meable coating  to  the  entire  cutaneous  surface ;  but  this  is 
by  no  means  due  to  a  suppression  of  its  respiratory  function 
alone.  The  skin  has  other  offices,  particularly  in  connection 
with  regulation  of  the  animal  temperature,  which  are  infi- 
nitely more  important. 

An  estimate  of  the  extent  of  cutaneous,  compared  with 
pulmonary  respiration,  has  been  made  by  Scharling,*  by  com- 

'  The  physiological  and  piUiological  questions  connected  with  the  subject  of 
"  respiration  before  birth,"  are  ably  and  exhaustively  discussed  in  a  review  pub- 
lished in  the  Medico-Chirurgiccd  Review^  for  April,  1864.  A  number  of  ex- 
periments by  various  observers  are  here  detailed,  fully  establishing  the  facts  we 
have  stated.  Among  the  most  interesting  arc  those  of  Schwartz,  showing  rcspi- 
ntory  movements  in  foetoses,  when  care  was  taken  not  to  expose  them  to  the 
cool  air  or  any  other  irritation  of  the  general  surface,  p.  833. 

'  Reonault  and  Reiset  found  the  cutaneous  respiration  so  slight  in  the  ani- 
mals which  they  used  for  their  experiments,  that  its  influence  upon  the  compo- 
sition of  the  air  in  which  they  were  confined  could  be  disregarded.    ( Op.  eU.) 

*  In  Mil5e-£dwards,  Lepom  sur  la  Phytiologie^  tcme  ii.,  p.  C36.  The  reader 
will  here  find  an  account  of  the  experiments  of  I)c  Milly,  Abemethy,  and  others, 
demonstrating  the  absorption  of  oxygen  and  exhalation  of  carbonic  acid  by  the  skia 
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paring  tlie  relative  quantities  of  carbonic  acidedaWil 
twenty," -tour  lionre.  According  to  this  obevrs,  Ul 
performs  from  Vir  *"  iV  **f  the  respiratory  fonctira. 


Aspkifxla'. 

The  effects  of  cutting  off  the  supply  of  oxrgm  *■ 
lungs  are  mainly  referable  to  the  circnlutonr  f 
have  already  been  considered  under  the  head  of  thf  in 
of  respiration  upon  the  circnlation.'  It  will  ben 
that  ia  aaphjsia  tlje  non-aerated  blood  passes  with  w 
difficulty  tlirough  the  eyBteniic  capillaries,  as  fiailkliin 
the  action  of  the  heart.  It  is  the  experieace  of  tlxai 
hare  experimented  on  this  snhject,  that  the  movendj 
the  heart,  ouce  arrested  in  this  way,  cannot  he  reMonjJ 
that  wliile  the  ghghtest  regular  nioveiuects  contiiM 
functionB  will  gradaally  return  if  air  be  t^dmittel  % 
Inugs, 

A  remarkahle  power  of  reflistiug  asphjk-xia  ejctst^  ifii 
horn  animals  that  have  never  breathed.  This  was  notid 
Ualler  an<3  others,  and  has  been  the-  snbject  of  nam 
experiments,  among  which  we  may  mention  those  of  M 
Tjei;'iillo!i5,  and  "W.  F,  Edwards.  Leg:ilIois  P^imd  tliitT 
Mibbiti  wuultl  live  I'm-  iit'tL-cli  mimitea  c.i<.-]>ri vnl  ..f  , 
fiiibniernion,  liut  tliiit  llii^  ]iower  of  rcsistiiuc-e  d  lu.r. 
riipidly  with  ngc.'  AV.  F,  Edwards  hns  shown  tier 
uxi#t^  a  gri?at  dilfcreiicii  in  tbis  regard  in  ditierpiit  cLiv 
iin.iiiiiil^.  Dojrriiiud  fats,  that  are  bom -with  the  evL'S^Ln' 
in  wliiuli  there  is  at  tir^-t  a  very  slight  (levfloinnen-t  (<*' j' 
liciit,  will  show  signs  of  life  iifter  snbniersion  for  nv'^xv 
Iiah'  1111  boiir;  while  Guinea  pig^,  vhieh  are  horn  with  tbi 
Hjit'n,  iire  mueb  more  iictive,  ami  jiroduce  a  creator  u:' 
jf  heat,  will  Uut  live  mure  ibnii  =eveii  iiuimtes.' 


■  \v.  ]■■,  !■:!)« 

pp.  in.  i7± 


n  P/i:iti-jUf3  fur  111  \'ie,  I'i! 


—  /^ 
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Ihc  cause  of  this  peculiarity  has  been  attributed  to  the 

*tence  of  the  foramen  ovale,  enabling  the  blood  to  get 

he  system  without  passing  through  the  lungs,  by  those 

)  regard  the  arrest  of  the  circulation  in  asphyxia  as  due 

>bstruction  to  the  pulmonary  circulation ;  but  this  expla- 

ion  is  not  sufficient,  as  blood  passes  easily  through  the 

•:ig8  in  asphyxia,  and  is  obstructed  only  in  the  systemic 

Mllaries. 

The  true  explanation  seems  to  be,  that  in  most  warm- 
3oded  animals,  during  the  very  first  periods  of  extra-uterine 
3,  the  demands  on  the  part  of  the  system  for  oxygen  are 
mparatively  light.  At  this  time  there  is  very  little  activity 
the  processes  of  nutrition,  and  the  actual  consumption  of 
ygen  and  exhalation  of  carbonic  acid  are  very  much  below 
e  regular  standard  in  animals  of  this  class.  In  fact,  their 
ndition  is  somewhat  like  that  of  cold-blooded  animals.  The 
tual  difference  in  the  consumption  of  oxygen  immediately 
ter  birth  and  at  the  age  of  a  few  days  is  sufficient  to  explain 
e  remarkable  power  of  resisting  asphyxia  just  after  birth, 
be  comparative  observations  of  Edwards  on  dogs,  cats,  and 
uinea  pigs,  show  that  this  power  bears  a  definite  relation 
the  respiratory  activity. 

One  of  the  most  interesting  questions,  in  a  practical  point 
'  view,  connected  with  the  subject  of  asphyxia,  is  the  effect  on 
le  system  of  air  vitiated  from  breathing  in  a  confined  space, 
here  are  here  several  points  presented  for  consideration, 
he  effect  of  respiration  on  the  air  is  to  take  away  a  certain 
'oportion  of  oxygen,  and  add  certain  principles  which  are 
garded  as  deleterious.  Tlie  emanation  which  is  generally 
garded  as  having  the  most  decided  influence  upon  the 
'Stem  is  carbonic  acid. 

A  careful  review  of  the  most  reliable  observations  on  this 

ibject  shows  that  the  influence  of  carbonic  acid  is  generally 

jiy  much  over-estimated.    In  poisoning  by  charcoal  fumes, 

is  generally  carbonic  oxide  which  is  the  active  princi- 
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paring  the  relative  qnantities  of  carbonic  add  exhaled  in  the 
twenty-four  hours.  According  to  this  observer,  the  dan 
performs  from  -^  to  ^  of  the  respiratory  function. 

Asphy;tia. 

The  effects  of  cutting  off  the  supply  of  oxygen  from  the 
lungs  are  mainly  referable  to  the  circulatory  system,  and 
have  already  been  considered  under  the  head  of  the  infloence 
of  respiration  upon  the  circulation.*  It  will  be  remembered 
that  in  asphyxia  the  non-aerated  blood  passes  with  so  mnch 
difficulty  through  the  systemic  capillaries,  as  finally  to  arrest 
the  action  of  the  heart.  It  is  the  experience  of  those  who 
have  expeiimented  on  this  subject,  that  the  movements  of 
the  heart,  once  arrested  in  this  way,  cannot  be  restored ;  bat 
that  while  the  slightest  regular  movements  continue,  its 
functions  will  gradually  return  if  air  be  i^dmitted  to  the 
lungs. 

A  remarkable  power  of  resisting  asphyxia  exists  in  newly 
bom  animals  that  have  never  breathed.  This  was  noticed  by 
Haller  and  others,  and  has  been  the  subject  of  numerous 
experiments,  among  which  wo  may  mention  those  of  BuffoD, 
Legallois,  and  'W.  F.  Edwards.  Legallois  found  that  young 
rabbits  would  live  for  fifteen  minutes  deprived  of  air  by 
submersion,  but  that  this  power  of  resistance  diminished 
rapidly  with  age.*  W.  F.  Edwards  has  shown  that  there 
exists  a  great  difierence  in  this  regard  in  different  chisses  of 
animals.  Doics  and  cats,  that  are  bom  with  the  eves  shut,  and 
in  wliich  there  is  at  first  a  very  slight  development  of  animal 
heat,  will  show  signs  of  life  after  submersion  for  more  than 
half  ail  hour;  while  Guinea  pigs,  which  are  bom  with  the  eyes 
open,  are  much  more  active,  and  produce  a  greater  amount 
of  heat,  will  not  live  more  than  seven  minutes.' 


1  c. 


*ee  page  290.  •  See  page  421,  note. 

■  W.  F.  Edwards,  De  Vlnjlufnce  d(9  Agcm  Phytiqua  9ur  la  VU^  Pariii,  1S24, 

pp.  m,  172. 
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D  caase  of  this  peculiarity  has  been  attributed  to  tlie 
sxisteoce  of  the  foramen  ovale,  enabling  the  blood  to  get 
to  the  Bj-stem  without  passing  through  tlie  lungs,  by  those 
who  regard  the  arrest  of  the  circulation  in  asphyxiii  as  due 
to  obstrnetion  to  tho  pulmouary  circulation  ;  but  this  expla- 
nation is  not  sufficient,  as  blood  pnsses  easily  through  the 
langs  iu  aephyxia,  and  la  obstructed  only  in  the  syatemio 
capillaries. 

The  tme  explanation  seems  to  be,  that  in  most  warm- 
blooded animals,  during  the  very  iirst  periods  of  extra-uterine 
life,  the  demands  on  the  part  of  the  system  for  osygen  are 
comparatively  light.  At  this  time  there  is  very  little  activity 
in  the  processes  of  nutrition,  and  the  actual  consumption  of 
oxygen  and  exhalation  of  carbonic  acid  are  very  much  below 
the  regular  standard  in  animals  of  this  class.  In  fact,  their 
condition  is  somewhat  like  that  of  cold-blooded  animals.  The 
actual  diifercnce  in  the  consumption  of  oxygen  immediately 
after  birth  and  at  the  age  of  a  few  days  is  sufficient  to  explain 
the  remarkable  power  of  roeisting  asphyxia  just  after  birtb. 
The  comparative  observations  of  Edwards  on  d<^,  cats,  and 
Guinea  pigs,  show  that  this  power  bears  a  definite  relation 
to  the  respiratory  activity. 

One  of  the  most  interesting  questions,  in  a  practical  point 
of  view,  connected  with  the  subject  of  asphyxia,  is  the  eft'ect  on 
the  system  of  air  vitiated  from  breathing  in  a  confined  space. 
There  are  here  several  points  presented  for  consideration. 
The  effect  of  respiration  on  the  air  is  to  take  away  a  certain 
proportion  of  oxygen,  and  add  certain  priuclplcs  which  are 
regarded  as  deleterious.  The  emanation  which  is  generally 
regatde<l  as  having  the  most  decided  influence  upon  the 
system  is  carbonic  acid. 

A  careful  review  of  the  most  reliable  observations  on  this 
subject  shows  that  the  influence  of  carbonic  acid  is  generally 
Tery  much  over-estimated.  In  poisoning  by  charcoal  fumes, 
it  is  generally  carboulc  oxide   which  is  tlie  active  princi 
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pie.  Kegnault  and  Keiset^  exposed  dogs  and  rabbits  for 
many  Iionrs  to  an  atmosphere  containing  23  parts  per  100  of 
carbonic  acid  artificially  introduced,  and  30  to  40  parts  of 
oxygen,  without  any  ill  effects.  They  took  care,  however, 
to  keep  up  a  constant  supply  of  oxygen.  These  experiments 
are  at  variance  with  the  results  obtained  by  others,  but  Be- 
gnault  and  Eeiset  explain  this  difference  by  the  suppositicm 
that  the  gases  in  other  observations  were  probably  impure, 
containing  a  little  chlorine  or  carbonic  oxide.  There  is  no 
reason  to  doubt,  from  the  high  reputation  of  the  observers 
for  skill  and  accuracy,  that  their  experiments  are  perfectly 
reliable ;  and  in  that  case,  they  prove  that  carbonic  acid  doe 
not  act  upon  the  system  as  a  poison.  This  view  is  sustained 
by  the  more  recent  observations  of  Bernard  with  carbonic 
oxide,  which  is  known  to  be  excessively  poisonous.  In  ani- 
mals killed  by  this  gas,  the  blood,  both  venous  and  arterifl], 
is  of  a  bright-red  color,  which  is  due  to  the  fixation  of  the 
gas  by  the  blood-corpuscles.  In  this  way,  the  red  corpuscles, 
which  act  normally  as  respiratory  agents,  carrying  oxygen  to 
the  tissues,  are  paralyzed,  and  the  animal  dies  from  asphyxia. 
We  have  already  referred  to  this  remarkable  aflinity  of  the 
red  corpuscles  for  carbonic  oxide,  and  its  action  in  arresting 
the  transformation  of  oxygen  into  carbonic  acid  in  the  blood, 
in  treating  of  the  different  methods  of  analysis  of  the  blood 
for  gases,  and  have  shown  that  this  gas  is  the  proper  agent 
to  use  in  the  method  of  analysis  by  displacement.* 

In  breathing  in  a  confined  space,  the  distress  and  the 
fatal  results  are  produced,  in  all  probability,  more  by  animal 
emanations  and  deficiency  of  oxygen,  than  by  the  presence 
of  carbonic  acid.  When  the  latter  gas  is  removed  as  fast  as 
it  is  produced,  the  effects  of  diminution  in  the  proportion  of 
oxygen  arc  soon  very  marked,  and  progressively  increase  till 
death  occurs.  Bernard  has  shown  that  birds  enclosed  in 
a  confined  space,  from  which  the  carbonic  acid  is  carefully 

*  Loc.  ciL  'See  page 461 
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removed,  will  gradually  consume  oxygen,  until,  when  death 
occurs,  the  proportion  is  reduced  to  from  3  to  5  ])art3  pei 
100.*  When  the  carbonic  acid  is  allowed  to  remain,  the 
increased  density  of  the  atmosphere  interferes  with  the  dif- 
fusion between  the  gases  of  the  blood  and  the  air,  and  death 
supervenes  with  greater  rapidity. 

The  influence  on  animals  of  emanations  from  the  lungs 
and  general  surface  is  undoubtedly  very  considerable ; 
and  this  fact,  which  almost  all  have  experienced  more  or 
less,  has  been  fully  and  painfully  illustrated  in  several 
instances  of  large  numbera  of  persons  confined,  without 
proper  change  of  air.  Overcrowding  is  one  of  the  most 
prolific  sources  of  disease  among  the  poorer  classes  of  so- 
ciety; and  there  are  many  forms  of  disease  prevalent  in 
large  cities,  that  are  almost  unknown  in  the  rural  dis- 
tricts, and  that  can  be  alleviated  only  by  proper  sanitary 
regulations,  which,  unfortunately,  are  often  very  difficult 
to  enforce.* 

In  crowded  assemblages,  the  slight  diminution  of  oxy- 
gen, the  elevation  of  temperature,  increase  in  moisture, 
and  particularly  the  presence  of  organic  emanations,  com- 
bine to  produce  unpleasant  sensations.  The  terrible  ef- 
fects of  this  carried  to  an  extreme  were  exemplified  in  the 
confinement  of  the  146  English  prisoners,  for  eight  hours 
only,  in  the  "Black  Hole"  of  Calcutta;  a  chamber  eighteen 
feet  square,  with  only  two  small  windows,  and  those  ob- 
structed by  a  verandah.  Out  of  this  number,  9G  died  in 
six  hours,  and  123  at  the  end  of  the  eight  hours.     Many  of 


'  Bernard,  Lefona  anr  ks  tffeU  dea  substances  toxlques  et  medicamcnieuseSj 
Paris,  1857,  p.  116. 

*  In  the  rural  districts,  men  are  able  to  perform  an  amount  of  hard  labor 
which  is  impo8i>iblc  in  cities,  probably  on  account  of  difTcrences  in  diet  and 
other  sanitary  conditions.  Farm-hands  frequently  begin  work  at  Funrise,  and 
labor,  with  slight  intermissions,  until  sunset,  while  ten  hours  is  considered  a 
good  day's  work  in  cities ;  but  these  men  generally  have  an  abundance  of  good 
food,  and  are  not  obliged  to  sleep  in  a  confined  space. 
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those  who  immediately  survived  afterwards  died  of  potrid 
fever.*  This  fnghtful  tragedy  has  frequently  been  rqieated 
on  emigrant  and  slave  ships,  by  confining  great  numbers  id 
the  hold  of  the  vessel,  where  they  were  entirely  shut  out  from 
the  fresh  air.  This  subject  possesses  great  pathological  in- 
terest ;  the  effects  of  an  insufficient  supply  of  air  and  the 
accumulation  in  the  atmosphere  of  animal  emanations  being 
very  important  in  connection  with  the  cause  and  prevention 
of  many  diseases. 

The  condition  of  the  system  has  a  marked  and  importmt 
influence  on  the  rapidity  with  which  the  effects  of  vitiated 
atmosphere  are  manifested,  as  we  should  anticipate  from  what 
we  know  of  the  variations  in  the  consumption  of  oxygen  under 
different  conditions.  As  a  rule,  the  immediate  ^ects  of  con- 
fined air  are  not  as  rapidly  manifested  in  weak  and  debilitated 
persons,  as  in  those  who  are  active  and  powerfuL  It  lias 
sometimes  been  observed,  in  cases  where  a  male  and  a  female 
have  attempted  suicide  together  by  the  fumes  of  charcoal, 
that  the  female  may  be  restored  some  time  after  life  is  ex- 
tinct in  the  male.  This  is  probably  owing  to  the  greater 
demand  for  oxygen  on  the  part  of  the  male. 

The  following  interesting  fact  is  reported  by  Bernard, 
showing  the  relative  power  of  resisting  asphyxia  in  health 
and  disease : 

'•  Two  young  persons  were  in  a  chamber  warmed  by  a 
stove  fed  with  coke.  One  of  them  was  seized  with  asphyxia 
and  fell  imconscioiis.  The  other,  at  that  time  suffering  with 
tj^i^lioid  fever  and  confined  to  the  bed,  resisted  sufficiently  to 
be  able  to  call  for  help.  AVe  know  already  that  this  resistance 
to  toxic  influences  is  manifested  in  animals,  when  they  are 
made  sick ;  we  here  have  the  proof  of  the  same  phenomenon 
in  man.  As  for  the  one  who,  in  good  health,  had  experienced 
the  eflects  of  the  commencement  of  poisoning,  she  had  a 


*  A  full  account  of  the  sufferings  of  these  unfortunate  men,  by  one  of  tbe 
survivors,  U  to  be  found  in  the  Annual  Reffittcr^  1758,  p.  278. 
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paralysis  of  the  left  arm,  which  was  not  completely  cured  at 
the  end  of  six  months.''  * 

It  is  thought  that  the  condition  of  syncope  has  an  influence 
on  the  power  of  resistance  to  asphyxia.  A  case  is  quoted  by 
Carpenter  in  which  a  woman,  who  had  been  submerged  for 
fifteen  minutes,  was  taken  out  of  the  water  and  recovered 
spontaneously.  She  stated  that  she  was  insensible  at  the 
moment  of  her  submersion." 

When  poisoning  by  confined  air  is  gradual,  the  system 
becomes  somewhat  accustomed  to  the  toxic  influence ;  the 
temperature  of  the  body  is  lowered,*  and  an  animal  will  live 
in  an  atmosphere  which  will  produce  instantaneous  death  in 
one  that  is  fresh  and  vigorous.  Bernard  has  made  a  number 
of  curious  and  instructive  exi>eriments  on  this  point.  In  one 
of  them,  a  sparrow  was  confined  under  a  bell-glass  for  one 
hour  and  a  half,  at  the  end  of  which  time  another  was  intro- 
duced, the  first  being  still  quite  vigorous.  The  second  be- 
came instantly  much  distressed,  and  died  in  five  minutes ; 
but  ten  minutes  after,  the  sparrow  which  had  been  confined 
for  more  than  an  hour  and  a  half  was  released,  and  flew 
away.* 

This  is  simply  demonstrating,  with  experimental  accuracy, 
a  fact  of  which  we  are  all  conscious ;  for  it  is  well  known, 
that  going  from  the  fresh  air  into  a  close  room,  we  experience 
a  malaise  which  is  not  felt  by  those  who  have  been  in  the 
room  for  a  length  of  time,  and  whose  emanations  have 
vitiated  the  atmosphere. 

'  Bernabd,  op,  eit.j  p.  197. 

*  Carpentkr,  FrincipUa  o/Buman  Physiology ^  Am.  edit,  1833,  p.  53G. 

'  Bernard  DOted  a  diminution  in  the  temperature  in  the  rectum  of  a  pigeon, 
from  105**  to  SS*  Fahr.,  after  four  houra*  sojourn  in  a  confined  space,  containing 
732  cubic  inches  of  air.    The  animal  was  nearly  dead  when  removed.    (Zoc.  cit. 
p.  128.) 

*C!p.  ci7.,p.  119. 

82 


.1 1 


\r 


r 


V 


i 


r     1 

■ '  i' 

M 

:■! 
'  1 


C 


I 


f 


f 


I  • 


■  - 1 

•I 


i   /    ■    ■]••  :  f 


INDEX. 


Air,  difiiiflion  of,  in  the  ImigB, . . .  406 

compoBition  of, . .  • 413 

—changes  of,  in  passage  through 

the  lungs, 423 

increase  in  temperature  of^  in 

passage  through  the  lungs,;...  423 

AirHoells,  anatomy  of, 862 

Albumen,  utuations  and  quantity 

of, 81 

mode  of  extraction  and  prop- 
erties of^ 82 

^-—influence   o^    on    polarized 

light, 83 

tests  for, 83 

—  origin  and  functions  of, 83 

Albuminometer, 84 

Albuminose, 85 

Alcohol,    exhalation   otj   by   the 

lungs, 460 

Ammonia,  exhalation  of^  in  respi- 
ration,  448 

Arteries,  circulation  in, 240 

^—  physiological  anatomy  of,.. .  241 

dividons  of, 243 

coats  of, 243 

nerves  in  walls  of^ 246 

blood-vessels  in  walls  of, . . .  246 

elasticity  of, 246 

experiments  showing  dilata- 
tion of, 247 

—  influence  of  elasticity  of^  on 
the  current  of  blood, 248 

—  contractility  of^ 260 

—  locomotion  of,  and  produc- 
tion of  the  pulse, 262 

——variations  in  caliber  of,   at 
different  periods  of  the  day, ....  261 


Arterial  pressure, ._  261 

in  different  vessels, _  266 

influence  of  respiration  on,. ..  267 

—  influence  of  hemorrhage  on, .  269 
Arterial  circulation,  rapidity  of,. ..  270 
apparatus  of  Volkmann  and 

Hiittenhcim  for  measuring'  ra- 
pidity of, 271 

'     apparatus  of  Vierordt, 272 

apparatus  of  Chauveau, 278 

—  rapidity  of,  in  different  ves- 
sels,   274 

Arterial  murmurs, 276 

Asphyxia, 490 

power  of  resistance  to  in  the . 

newly-born, 421,  490 

fit)m  breathing  in  a  confined 

space, 491,  496 

from  charcoal  fumes, 491 

influence  of,  o^  pulmonary 

circulation, .......  ^ ...... ..  843 

JSesoin  de  rearer, 479-484 

Bicarbonate  of  soda,. 45 

Biliverdine, »    93 

Black  Hole  of  Calcutta,  i. M98 

Blood,  general  considerations,. . .  ^    95 

unmediate    importance     to 

Ufe, 96 

^—  experiment  of  withdrawing  a 
large  quantity  from  the  vessels,    97 

transfusion  of, 97 

^ transfusion  of,  in  disease, ...     98 

' transfusion    of,    in    experi- 
ments on  animals, 09 

entire   quantity  of^  in   the 

body, 100 
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Blood,  reocticDy  odor,  and  cpicity 
of, ^ 104 

temperature  and  spedfic  grar 

vitvof, 105 

'color  of, 106 

color    o?",  in    vcina  of  the 

gland?, 107 

analyses  of, 127 

inorganic  constitnents  of,.. ..  128 

organic  nitrogenized  constit- 
uents of; 129 

organic  non-nitrogenized  con- 
stituents of, 129 

quantitative  analyses  of^..^ .  180 

—^  qunntitatirc  analysis  o^  by 
method  of  Becquerel  and  Bo- 

dier, 131 

quantitative  analysis  o^  by 

the  author^s  method, 184 

table  of  composition  of^. . . .  188 

coagulation  of, 142 

rapidity  of  coagulation  of, . .  143 

circumstances  modifying  co- 
agulation of, 149 

coagulation  of,  in  the  oi^gan- 

ism, 150 

office  of  coagulation  in  arrest 

of  hemorrhage, 168 

cause  of  coagulation  of^. . . .  156 

summary  of  properties  and 

functions  of, 167 

changes  of,  in  respiration, . .  452 

difference  in  color  between 

venous  and  arterial, 454 

general  differences   between 

arterial  and  venous, 470 

aualyscs  of,  for  gases,. .  458-4G4 

condition  of  gases  in, 466 

Blood<*orpu?cles  (red), 108 

anatomical  characters  of^ . . .   V)9 

table  of  measurements  of^. .   113 

chemical  characters  of, 117 

development  of, 118 

functions  of, 1*20 

(white), 121 

elementary  corpuscles, 1 26 

aVjsorTition  of  oxygen  by,. . .  455 

Blood-crystals, 117 

Breathing  capacity,  extreme 403 

Bronchial  tubes,  anatomy  of,. . . .  360 

Calorific  elements, 60 

Capillaries  circulation  in, 278L 

anatomy  of, 279 

distribution  of, 281 

course  of  blood  in 2^3 

Capillary  system,  capacity  of,. . . .  282 


Capillary  drcnlation,  microscope 

cxammation  oi^. SU 

rapidity  of^ 251 

reUtions  oi^  to  resplratios,.*  29>) 

causes  of^ 2W 

phenomena  in  patients  dead 

with  yellow  fever, 2M 

influence  of  temperature  on,  217 

^—  infloenoe  of  direct  irritatioii 

on, 29S 

Carbonate  of  lime, 4i 

CTTBtals  oi;  in  internal  ear^.    43 

—  fortnation  of,  in  analysis  by 

indneration, 43 

quantity  of  (table),  and  fane- 

tion, 41 

Carbonate  of  soda,  quantity   of 

(table),  and  fonction, 44 

Carbonate  of  potassa,  and  carbon- 
ate of  magnesia, 43 

Cartilaginc, 91 

Cardiometer    of    Hagendie   and  ~ 

Bernard, 263, 2« 

— :~of  Harej  (differential),.....  264 
Carbonaceous  matter  in  the  longs,  364 

Carbonic  add,  <UscoverT  of, 410 

exhalation  of^  in  respiration,  424 

influence  of  arrest  of  respira- 
tory movements  on  exhalation 

of, 425 

quantity  of^  exhaled, 4i7 

influence  of  age  on  exhala- 
tion of, 431 

influence  of  sex, 43i 

influence  of  digestion, 433 

influence  of  diet 4S5 

influence  of  alcohol, 437 

influence  of  sleep 4S9 

influence    of   moisture  and 

temperature, 441 

influence  of  seasons 442 

sources  of^   in    the   exfiire-J 

air, 445 

proportion    in   arterial    ani 

venous  blood, 464 

condition  of^  in  the  blooi,. .  467 

effect  of  inhalation  of, 492 

production  of^  in  respiration,  478 

Carbonic  oxide,  exhalation  of,  by 
the  lungs  when  injected  into  the 

blood, 45A 

Caseine,  extraction  oC  etc, 66 

Catalysis,  definition  of. 74 

Cephalo-rachidian  fluid,  uses  oC . .  3o4 

Chloride  of  80(hum 35 

quantity  of  (table  U 35 

function  ot, 86 
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IHiIoride  of  sodium,  desire  of  all 

animals  for, 37 

— ^  effect  of  deprivation  of,  on 

nutrition,  ...• •• 37 

— ^  quantity  of  in  blood  almost 

constant, 38 

removal  of  excess  of  by  the 

kidneys, 38 

Chloride  of  potassium, 39 

Chloride  of  ammonium, 47 

Circulation  of  the  blood,  discovery 

of, 170 

general  course  of, 176 

action  of  the  heart  in  {see 

Heart), 177 

in   the     arteries    {see    Ar- 

teriesX 240 

in  the  capillaries  {see  Capil- 

lariesX 278 

— ^  in  the  veins  {nee  Veins),. . .  801 

Circulation,  derivative, 339 

pulmonary, 840 

general  rapidity  of, 843 

^—  rapidity  of,  in  difibrent  ani- 
mals,  846 

relations  of  rapidity  of,  to  the 

frequency  of  the  heart's  action,  848 
CircuUtory  system,  phenomena  in, 

after  death, 851 

Clot,  characters  of, 144 

Coloring  matters, 92 

Complemental  air, 401 

Convulsions  from  hemorrhage, . . .  486 

Coughing, 395 

Coagulation    of    the    blood    {see 

Blood), 142 

Cranial  cavity,  circulation  in, ... .  332 
amorphous  sheath  of  blood- 
vessels of, 330 

Crystalline, 90 

Diabetic  sugar, 50 

Diaphragm,  action  of,  in  respira- 
tion,    369 

Diffusion  of  air  in  the  lungs, 406 

Elasticinc, 91 

Emulsion, 63 

Emphysema,  changes  of  thorax  in,  385 

Epiglottis,  action  of,  in  deglutition,  359 

Erectile  tissues,  circulation  in,. . . .  336 

Erection,  mechanism  of,. 338 

Expiration,  movements  of, 382 

•^^  influence  of  elasticity  of  the 

lungs  and  thoracic  walls  in, ... .  383 
muscles  of  (table), 885 


Expiration,  action  of  internal  inter- 
costals  in, 886 

action  of  infira-costales  and 

triangularis  stemi  in, 387 

— —  action  of  obliquus  extemus 
and  intemus  in, 888 

action  of  transversalis  in,. ,.  888 

actionof  sacro-lumbalis  in,..  889 

Fats,  varieties  of,  &c 60 

composition   and  properties 

of; 61 

condition  of,  in  nervous  tissue 

and  blood-corpuscles, 62 

saponification  of;.... 62 

emulsion  of, 68 

origin  and  functions  of, ... .  63 

formation  of,  in  the  organ- 
ism,   64 

— ^  average  quantity  of,  in  the 
body,  and  mechanical  func- 
tion of, 65 

changes  which  they  undergo 

in  the  organism, 60 

Fatty  acids, 62,  66 

Fermentation  of  sugar, 51 

Fermentation-tost  for  sugar, 56 

Fibrin,.. 76 

mode  of  extraction  of,  and 

condition  in  the  organism, 77 

organization  of, 78 

distinctions     from      plastic 

lymph, 79 

origin  of, 80 

function  of,  and  destruction 

by  liver  and  kidneys, 81 

Gases,  as  proximate  principles,. . .  29 
—  in  the  alimentary  canal, ....  29 
proportions  of,  in  venous  and 

arterial  blood, 466,  464-470 

of    the     blood,    table    of 

Magnus, 463 

Gases,  condition  of,  in  tiie  blood, .  466 

Globuline, 90 

Glucose, 60 

Glycerine, 62 

Hsematoidine, 117 

Heart,  anatomy  of, 176 

capacity  of  different  cavities 

of, 179 

valves  of, 181 

movements  of, 188 

action  of  the  auricles,. ....  184 

action  of  the  ventricles, , . .  185 
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Ileart,  locomotion  of^ 186 

— ^  twisting,  hardening,  Bhortp 

ening,  and  elongation  of^ 187 

impolseof^ 191 

succession  of  moTements  o^  192 

force  of; 197 

action  of  the  valTes, 199 

sounds  of, 208 

-^—  cause  of  the  sounds  of^. . . .  207 
relations  of  the  sounds  to 

the  blood-corrents, 210 

frequency  of  action  of; 211 

—  influence  of  age  and  sex  on 
frequency, 212 

influence  of  posture  and  mus- 
cular exertion, 218 

— —  influence  of  exercise, 215 

influence  of  sleep, 216 

influence  of  temperature,...  216 

influence  of  respiration  on 

action  of, 217 

cause  of  rhythmical  contrac- 

irritability  of, 222 

pulsations  ofj  after  removal 

from  the  bodv, 223 

effect  of  ligature  of  coronary 

arteries  on  pulsations  of, 225 

effect  of  emptying  the  cavi- 
ties   226 

influence  of  the  nervous  gys- 

tem  on, '. .  228 

influence  of  pneumogdi»tric3 

on 231 

— ellecL^  of  blows  on  ei>igastriuu 

ou 238 

Hipmatiue, 92 

Ha?matosis, 452 

Ua'modvuamometer    of     Poiseu- 

illc,.1 262,  265 

rojdsterinj?     instrument     of 

Ludwig  (note), 264 

—  differential  instnmient  of  Ber- 
nard (note), 266 

Hydro-carbons,  general  considera- 

'tion?, 26,  48 

Hydro-chlorate  of  ammonia, 47 

luoi^anic  principles,  general  con- 

sidoiations, 25 

table  of, 28 

division  into  essential  constit- 
uents of  the  tissues  and  tliose 

which  influence  nutrition, 47 

Inspiration,  muscles  of  (table),.. . .  368 
action  of  diaphragm  in, 869 

—  action  of  scaleni, 372 


I   Inspiration,  action  of  intereostals,.  S7S 

moTonents  of;  the  ribs  in, . . .  S74 

action  of  leratores  costannn,  S78 

auxiliary  muades  of;. .......  S7S 

action  of  saratos  posticus 

superior, 871 

action  of  stemo^nastoidens, 

levator  anguli  scapulae,  and  su- 
perior portion  of  trapeaas,. ...  879 

action  of  pectoralis  minor, 

inferior   portion    ^  pectordis 
major,  aifd  serratus  magnos,. ..  880 
Interoostals,  internal,  actioo  o<;  in 

respiration, 88S 

Inf ra-costales,  action  o<;  in  respira- 
tion,  887 

Eeratinc, 91 

Lactic  add, 87 

sources  and  function  of;. ...    68 

Larynx,  anatomy  and  TcspintOfj 

movements  of; S5S 

Laughing, 898 

Levatores  costanun,  action  of;  in 

respiration, 878 

Levator  anguli  salmis,  action  oi; 

in  resfnration, 879 

Leucocytes, 121 

development  of, 124 

^■^  proportion  of,  to  red  corpus- 
cles,  125 

Liver,  influence  of  respiratiim  on 

circulation  in, 322 

Liver-sugar, 50 

Lungs,  anatomy  of  parenoln-mi  of;  861 

capacity  of; 397 

carbonaceous  matter  in,. . . .  864 

vital  capacity  of, 4t«3 

Melanine, 98 

Milk-sugar, 5«) 

Mucosine, S9 

Musculine, 90 

Nitrogen,  exhalation  of,  in  respira- 
tion,  451 

of  the  blood, 465,  468 

Kitrogenizcd  principles,  general 
considerations, 27,  69 

Nitrous  oxide,  effects  of  respira- 
tion of, 415 

Kon-iiitrogenized  principles, ...  25,  49 

Obliquus  extemus  and  int^mns, 
action  of;  in  respiration, 888 
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Odorous  principles, 66 

exhalation  ofi  by  the  lungs, .  450 

Organic   non-nitrogenizcd    princi- 
ples, general  considerations,..  27,  69 
Organic    nitrogenized    principles, 
composition,    properties,     and 
condition  of,  in  the  organism,. .     71 
table  of, *   75 

—  summary  of  properties  of, . . .     93 
Organic  matter,  exhalation  of,  in 

respiration, 449 

Osteine, 91 

Otoconia,    or  otoliths, 18 

Oxygen,  discovery  of, 412 

—  minimum  proportion  in  the 

ur  which  will  support  life, 414 

—  effects  -  of  confining  animals 

in  atmosphere  of,. 415 

consumption  of,  in  respira- 
tion,   416,476 

^—  influence  of  age  on  consump- 
tion of, 421 

influence  of  temperature, ....  420 

-^—  consumption  of,  in  hiberna- 
tion,  422 

absorption  of,  by  blood-cor- 
puscles,  456 

-^—proportion   in   arterial   and 

venous  blood, 464 

condition  of,  in  the  blood, . .  466 

Ozone, 414 

Pancreatme, 88 

Pepsin, 88 

Pectoral  muscles,  action  of,  in  res- 
piration,   880 

Phosphate  of  lime  (table  of  quan- 
tity of ), 40 

Phosphates  of  magnesia,  soda,  and 

potassa, 45 

Physiology,  definition  of, 14 

nezometer  (note), 267 

Plieumic  acid, 68 

action  of,  on  the  bicarbonates 

in  the  blood, 446 

Pneumate  of  soda, 69 

Poisonous  gases,  exhalation  of,  by 

the  lungs, 450 

Proximate  principles,  general  con- 
siderations,    20-24 

inorganic, 25 

do.  (table), 28 

organic  non-nitrogenized, . . .     25 

organic  nitrogenized, 27 

Protdne, 73 

Pulmonary    artery,    pressure    of 
Uoodin, 841 


PiUse,  mechanism  of  production  of,  252 

frequency  of, 212 

form  of, 254 

dicrotic, 257 

variations  in  character  of,.. .  260 

influence  of  temperature  on,  260 

Putrefaction, 78 

Rennet, 87 

Respiration,  influence  of,  on  the 

action  of  the  heart, 217 

general  considerations, 353 

movements  of, 866 

frequency  of  movements  of,.  891 

movements  of  ribs  in, 374 

types  of, 889 

relations  of  inspiration  and 

expiration, 892 

relations  in  volume  of  in- 
spired and  expired  air, 405 

changes  of  air  in  (historical 

considerations), 409 

consumption  of  oxygen   in 

(see  Oxygen), 416 

effect  of  confining  an  animal 

in  a  mixture  of  oxygen  and  hy- 
drogen,  422 

exhalation  of  carbonic  acid 

{tee  Carbonic  Acid), 424 

—  relations  between  the  quan- 
tity of  oxygen  consumed  and 
carbonic  acid  exhaled, 448 

exhalation  of  watery  vapor,..  446 

exhalation  of  ammonia, ....  448 

exhalation  of  organic  matter,  449 

exhalation  of  alcohol, 450 

exhalation  of  odorous  princi- 
ples,  450 

exhalation  of  certain  poison- 
ous gases, 450 

exhalation  of  nitrogen, 451 

changes  of  the  blood  in,. . . ,  452 

absorption  of  oxygen  by  the 

blood-corpuscles, 455 

—  proportions  of  gases  in  venous 
and  arterial  blood, . . .  456,  464-470 

—  relations  of^  to  nutrition,... .  472 

combustion-theory  of, . .  473-476 

consumption  of  oxygen, ....  476 

production  of  carbonic  acid,  478 

-^ —  cutaneous, 489 

Respiratory  organs,  anatomy  of,..  357 
Respiratory  sounds  (murmurs),. . .  398 
Respiratory  sense,  the  sensation 

inducing      respiratory     move- 
ments,  479-484 

Respiratory  efforts  before  birth,. . .  487 
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Residual  air, 899 

Reserve  air, 400 

SaponifioaUon, 62 

Sacro-lumbalid,  action  o^  in  res- 
piration,  389 

Scalene  muscles,  action  of,  in  res- 
piration,   872 

Scrratus  posticus  superior,  action 

of,  in  respiration, 878 

Serratus  magnus,  action  of^  in  res- 
piration,   380 

Serum,  characters  of^ 146 

Sighing, 396 

Sleep,  cerebral  circulation  in,. . . .  334 

Snoring, 393 

Sneering, 895 

.Sobbing, 396 

'Soaps, 62-66 

Sphjgmograph  of  Marej, 255 

^ofVierordt, '. 256 

Stemo-mastoideus,  action  of^  in  res- 
piration,    879 

Sulphates  of  soda,   potassa,  and 

lime,  46 

Sulphuretted  hydrogen,  exhalation 

of,  by  the  lungs, 450 

Sugar, 49 

yarieties  of, 60 

imion   of,  with   chloride  of 

sodium 50 

composition  and  properties 

of, 50 

furmentation  of, ". 61 

lactic-acid  fermentation  of, . .     51 

influence  of  solution  of  on 

polarized  light, 52 

tests    for,    Moore's    or  the 

potash  test,  Trommer's  test,. ...     52 

Barreswill's  test, 55 

Maumcne^s    test,    fermenta- 
tion test,  Biittger's  test, 66 

formation  of  toruhn, 58 

origin  and  functions  of, ... .     58 

formation  of,  in  the  foetus, 

and   influence  on  cell-dcTclop- 

mcnt, 69 

de?truction  of,  in  the  lungs, .     59 

Suffocation,  sense  o^ 484 

TiJalair, 401 


Torulae  cererisia?, 55 

Transfusion  of  blood, 9T-9S' 

TransTcrsalis,  acti<m  oi,  in   res- 
piration,  8SS 

Trapezius,  action  of,  in  respiration,  CT9 

Trachea,  anatomy  of^ S€*J 

Triangularis  itam^  action  of,  in  res- 
piration,   SSi 

Urrosacine, 9G 

Valves  of  the  veins,  discorefr  of^.  172 
Valves  of  the  heart  (««  Hemrt),. . .  ISl 

Vasa  vasorum, 245 

Veins,  anatomy  oC 841 

capacity  of, S"!^ 

strength  ol, Z'.^ 

valves  of, ZfJ^ 

function  of  valves  of^ S25 

course  of  blood  in, Sll 

pressure  of  blood  in, S14 

rapidity  and  causes  of  drco- 

lation  in, 315 

influence  of  moscular  con- 
traction on  current  of  blood  in,  817 

influence  of  asforation  from 

thethotmx, 319 

influence  of  gravitation,  324-^0 

entrance  of  air  into, S28 

conditions  which  impede  cir- 
culation in, S2S 

influence    of   expiration  on 

current  of  blood  in, 32S 

Venous  pulse, MS 

Venous  pulse,  regurgitant, 3-9 

Vital  properties  of  organized  struc- 
tures,      IS 

Vital  capacity  of  the  lungs, 4C^ 

Water,  as  a  proximate  principle, .     30 
condition  of,  in  the  organ- 
ism,   3  .> 

quantity  of,  in  difTennt  pans, 

(table),...' 35 

entire  quantity  in  the  bo<ly, .     4jJ 

origin,  discharge,  and  func- 
tion of, 34 

Watery  vapor,  exhalation  of^   in 
respiration, 44C 

Yawning, 306 
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SMMIm  or  InikdoD  ud  Kdlntmi^;  Hanonrr  Fellmr  at  Uu  ]iBjil  HedSai  Sodstf  g/ 
Athai,  GrKB^  sto,  atii,  tie. 

I  Tol^  Btd.   Cloth.  886  pa«ef.  Friw,  tS.OO. 

ity.MW. 


nrel  it  BtUeme  Honj^uL 


\i!  Dp  ■ubMuiUil])'  bvin  phai 

nldlKUM.    Hiving  hiiil  n 
_.slUtlttotMulmpantlT«dD9ton(lllH,<o  &r  Hky  InmjpDwer,  t) 
t)uH«i4(^«dtirtkaproiB<iti«aatHliiiMB|Ud,ItHp«^  ttar  tlu  tntrrMti  ■> 


,- jnphlc  rvportB  of  tlio  iHti 

._„  _hI  r«lliir  eiMpOoMl  opjHirl — '-- 
ImpanUn  da^  bijUllH,  to  &t^a 


ttr-    Innii-,    .-,.._, , - 

■nd  pyBDolA,  tb»  advNDOft  of  sdniffl  bM  been  m  rmpld  u  _ 

MWOtc^Tw.    ILoM,  thereftn,  irlw  bvm  IbiMMly  lb , 

■ttd  vbo  DOW  do  me  the  honor  lo  read  thli  toIwdo.  wlH  oot  bo  ODrarliod  lo  And.  In  mmr  per- 
tteolen.  Bhuaew  la  petbotoflcil  Tlewa.  ud  often  In  ItaHnpenUeel  tgadUng,  frns  dooUliiM  bMtac* 
toenlrated.  At  the  pnMnt  di^.  Air  the  lint  tlnn  Is  tta  hlMorr  of  the  world,  du  ohelebie  de- 
MrlmaDtMemi  to  be  uenmlng  III  pKtperpoeltkn.  M  th>hlKbulbnadiarnwdk]taa,lriUr*[ik 
M  gnded  br  Hi  ImportuM  xo  KdeU.  or  br  tba  hneUKtiial  imltBrs  lad  (UUir  rsfiilred,  ■■ 
COf^Hrcd  wtch  thnl  oemuded  of  the  phj^eUD  or  lb*  nrseoo,  A  muD  mar  bonnua  emlDent  u 
%  pbyelclBn,  ujd  yet  know  rery  HCUa  of  obBtetrlcn;  or  he  dut  be  %  ineerflem]  end  dlidn^Bhed 
iiufeDO.  ud  bo  quite  Ignonint  of  eciiD  Uw  rodlOMtile  of  obelelilol.  Bat  Do  one  on  bs  a  ne^ 
vble  obitetriDlAD  nnleu  he  bo  both  phy^dan  kud  eursoon-  And.  le  thenvot^r  Lnclodce  the  leH, 
obeleldci  slioqld  mot  mHq  W^Iimi  OBpirtnwnt  of  out  proRailoii,"—  .-..-_.-  n — ^„ 

On   Sea-sickness. 

Br  FORDYCE  BARRER,  U.  D. 
1  vol..  leno.    36  pp.   Flaintla  Cloth,  TS 


Levmt^rLa 


MrlpUou  odded'M  the  n 


Brre, 


4  D.  Appkton  <t    Co.^i  3fedical  Ptihticatione. 

BARNEa 
Obstetric  Operations,  indudhig  the  2>?-j/»jKft* 

oX  Btetnorrharje. 

Bt  ROBERT  BARXES,  U.  D.,  F.  R.  C.  F^  hammL, 
OtMaDto  FbrAiu  a  utd  Lsetonr  on  XAiiWUf  ud  Ibe  IWiMja  oT  Wo—  ■■'  rwlliM  M 

St.  Tbouiu'l  H06p1UI:  BmnUin  nn  MMwUirj  Is  Ibo  B"Till  CellfC*  Of 
the  KojaL  OuUp^  ctf  diDKHmt;  ftraHrrir  0t4U4ria  FbriLuui  bo  tiM  Ld»vM4 
lata  Pbyaldu  In  Ihs  BuUn  DlTlikHi  of  Ibi  BofE]  Uilomlty  Cbvit]'. 

WITH  ADDITIONS,  by  BENJAMIN  V.  DAW90K,  M.  D, 

£Ma  UEtorar  oa  Dlerina  PMb^av  In  Uh  Uodltal  Dcputmiat  of  tlu>  riUrtnOr  af  StT 

Tint  .  iliiiliCml  fii  llii  "niiliiiriiiTI fnil  mm  iif  "I  illiiii  In  [In  rillii.i   if  hjaiiliM 

■Dd  BorBrmu.  HFVt  York ;  Ptayilcitn  tat  Uie  DIkhr  of  Clilldmi  In  Ow  Knr  Y««  DM- 
MBwrr;  Munlwr  at  Ibo  New  TsHt  ObOoOiai  SodelT,  of  Uix  llt<iUal  Sodcn  <<  tta 
CouDty  of  KoH  Yorit,  «tc^  iitc. 

Edidon.   1  ToL.  Sw.   BOS  pp.   01Mb,  M.M>. 


Bellevue  and  Charity  Hospital  Reports. 

T%e  volume  of  BeiUvue  and  Charity  HospUai  Sqtortr 
for  1870,  cotUaining  valuable  contributtoru  f^-om 

ISAAC  K.  TAYLOR,  M.  D,  AUBTrif  7LCJT.  M.  D..  LKWIS  4.  BATKE.  3L  D,  WIL- 
LIAM A.  RAMMOKD.  M.  D,  T.  OAUXAfiD  TUOUAS.  kL  Di,  rKASE 
TON.  M.  D.,  and  oUun. 

lTal..8n.  Cloa.C4.00. 

Dial  UapnrUnt  u 


BENNET. 
Winter  and  Spring  on  the  Shores  of 

the  Mediterranean  ;  or,  th^  Jiiuifra,  Menton4,  Ilatj/, 
Ciirsina-,  Siciliff  Algeria,  Spain,  and  Biarritz,  u<  IFua- 
ler   Climates. 

Br  J.  HESBT  BEN.VET,  U.  D„ 

».  London :  Ut#  Ph^fMar 


Fork  vmbodlM  Um  experieiK*  of  Un  nlnUin  ud  t\iiiiit*  liiiit  bi  IV,  Bfiir^ 
Ihe  McditemiKUk.  ud  rmkoUu  niucU  mluabla  laAvuitUuB  tir  [fijilrtiiii  In  ti 
lUll-nslBriiic  <:11inaU  ofUie  n^lanxlixcrlbsd. 

1  nl.  ISuo.  SSI  pp.  CloO,  t8.H. 

Enesdlnfl;  rudibla.  (pot  tnm  U*  ipocUl  piirpcwi,  nod  wtO  Uloitntid."— Aaal^ 


~  It  hu  »  mon  inbttutlkl  «t1iU'  for  Die  pli]i^cliiD,nerlBt":  <lun  fc^  aTOt&wcli 
Khn.  .  .  .  W«  mnmvihl  thit  IkhA  to  our  inifni  i  u  «  vofiiaio  onttaOtaM  Vt 
■lIBi^Oim   ItlnloBManurtJIningMBUMUiionra.'— X  T  JKM 


D.  AppMtm  rf   Coy  M^r!;.'tl  PuhUcotloi. 

BENNBT. 
On  the  Treatment  of  Pulmonary  Con- 

sumpHon,  by  Hygiene^    Olimate,   and  Medicine,  in   ilt 
Connection  teith  Modem  Doctrines. 
HENRY  Bl 

ilcUnt,  London 

I  vol.,  Udn  tTD.  Clotb,  %\.l\ 


UU>  cniDiDDiid  Uil»  bo 


cUvtf  work.  wtirbeD  \a  tiio  Unm^,  dsw,  ud  ludd  id 


Jl  taJjip^nlfl  dlpiMei,  puLmoou;  « 


—tlilroa  Btelea  y'  Jlaltnlaf. 

BILLROTH. 
General  Surgical  Pathology  and  The- 

r/^eutics,  in  M/ly  Lectures.    A  Text-book  for  St-udenls 
and  Physician*, 

Bv  pR.  TnGODOR  BULROTH. 

Tranalated  from  Uia  Fifth  Oemua  Edition,  with  the  mpeclal  peimUaion 

of  the  Author,  by 

rHAKLES  E,  liACKLET,  A.  M.,  M.  D., 

BuvMn  to  Olo  Sen  Yir):  Ere  and  VM  tnHmury;  Fbytk'Iui  to  Qio  Htw  York  Hodpllll: 

FtUow  of  diB  Saw  Toi*  Adujoniy  of  Medlda*.  Mo. 

Ivel.,  aro.    714  pp.,  and  laS  Woodcutt.    Cloth,  tS.OO;  Sheep,  W.DD. 

Prolta«rTl>«idorBmroih,oDeofI1ieDio«i»t«d«a>>ntt»  od  8argl«I  t^tboli^^.^ioiln 

tlilf  TOluini?  A  complolo  ritttminl  xbt  «ilflti[ig  aUId  of  koowEidn  li  Ihle  hmncb  of  iiuhU«1 

Kltncf.    The  fuel  of  Uib  nnMcolloii  fo'tDg  Umngh  tBar  oaiHon*  bl  Gunmin)-.  mii  Uirtiw  l«aii 

Iiviabl«l  tnxo  Fnodi,  LfanjuiH  BnsnluL  ood  llnnfului.  ihcHiU  b«  kudb  puuou*  A>r  Ut  atHHhng. 

"TLr  u-3Dt  of  a  book  lb  lh«  HngUch  lui^ruB^i  prcftditfaf  In  jaratioliD  ftnti  tlid  Tieviof  dw 

ticFiiinn  pniholcgtslt,  bu  lon^  boon  f<<tt;  ud  m  rsEtim  lo  Briw  book  oniUI  ninm  pfirfbMI^ 

laki-  nnv  Inl.TLit  la  Uic  pni«n«  ofUioo(M»od«hiBrT«l!iuiIii»uiiri™l  pulboUpirj-.  ond  •nriwrj-,*' 
DarUuia  In  lis  perauL"— 7'A<  Mflieal  /nn^ignlar. 

CARPENTER. 
Principles   of   Mental   Physiology,   wUh 

Applications  to  the  Training  and  Ditcij/Itne  of  tha 
Mind  and  th»  St^idy  of  itt  Morbid  Conditions. 
Bt  wm.  b,  carpenter,  « 


I  "AaiM 


pml^r  Icii  hit^iod  Attamntsd  to  ■[tphr  (h 
1  rcblhiiu  ofllK  inUd  od  b 
itkally  •tBdlcd  ud  of  taili^ 


•Plill^rmiiitj-ficinh  .  _ _ 

bnlii  viul  to  paycholoifioAJ  procouH  (caDonllf ,"--  TA*  £anAat 


9  D.  Alston  A   Co.U  Medical  Pul^icatioms. 

COMBE. 

The  Management  of  Infancy,  PhyHoiofft. 

cat    and    Moral.      Intended    chiefly  for    tAe    Ui»$    ttf 
Parents. 

Bt  ANDREW  COUB£,  M.D. 
KETISED  AHB  SUITES 


I  out  teilf  frUDdt  nonkt 
I*  IfUMngi.  or  Daiiiiiiaiik_»  _  , 
rt  *n  coBTliicsd  Uui  VatT  wonU 
amber  of  inrur- "■ 

sllowcd.  he  wit [p 


A  iboaU  hi  In  ltd  hftad  < 


'  tttnoKt 


tutt  mn  FccauoiflDd  la  hli  palimu, 

IiIt  lota  >  Itw  ratnoM,  hi  wfll^  nut  bnnadge 


IrtfeUUna  (7  tki  %W<f 

man  pnd  ibu  bi  Ui>  d&Mballaa  tf  in 
wgft  u.  UouorUw  tern yafoMi  am^ 


CHAUVEATT. 
The    Comparative    Anatomy    of    the 


DomiiSticated  AnimaU. 

Bt  jL  CHACTEAU, 


Second  edidon,  nrised  uid  rail*r|iFd.  with  thv  cofipentioo  of  6L  jUtLOtXQ, 
late  Printipal  of  Anitomr  at  ihe  Ljuns  Vvuriaftrj  School:  Pto&moi  ai  tbe 
Toulouse  VpterioBt?  ScliooL  TtuiBU(«]  and  edited  by  GEOBGE  PLE1UXG, 
F.  R.  G.  a,  M.  A.  1.,  VderinaiT  Surgeon,  Bojal  Eugineera. 

1  vol.,  Bto.   GlottL   MT  pp.,  witb  450  lUiutrationi.   ttim. 


pB«UDO«Arie  or  ijnipatlt^^  at 
■nhirtlft  lit  ftuj  Much  All  daj  er 

-  Tba  UtannllHU  an  icn  sanHnu,  aad  Mr.  FlcDdBg  bai  Inmdnced  ■  lai«a  a 
an  not  (onUnal  In  the  orlguul  nort. 

"ThUbkU  aHontlm.  Sie  book  l>a< 
■■All  la  das  (s  UrrFlanliia  ftv  tlH  eiE«l 

kaaup(Ba*dUCbuinBr>«(atlMi.'— 1  _  _ 

"      " ~       MlcalMIABl^fclMfl 

d1>]r»>H*llHaBl 
nilcal  6am  twl  b^-fl 


■ajunaBaadt 


NriptliiB,  K  ia  dUBcsU  te  adHt  107  ma  porUsa  for  reilew,  hni  oar  mnluUu  of  R<*aliiaai 
lo«paiklnlil;hCcnDistUagHi<inlei(iFll«ir«. .  .  .  Tha  on*  ud  BUoiMb  nith  whka  Miaiw 

nnr  hai  bava coltlntB] on  tbt  CnaiUKiit an  lllintTwIri  tj  lunrrpiili  In  H  ftManaa-i  i^«t 


ll  nn«i  and  ttoasMa  (Zaufiiit). 


DAVia 

Conservative  Surgery tae^hOiUeamTWTiedifin^ 

some  of  the  Mechanical  Causes  that  operate  it^uri- 
oudy  both  in  Hcalih  and  Disease.    With  lUuatratioris. 

By  HENRY  Q.  DAVIS,  M.  D., 


1  ToL,  Sto.   315  pp.   Cloth,  t3.00. 
The  author  baa  enjoyed  rare  facilities  for  the  sludv  and  treatment 
of  certain  daases  of  disease,  and  the  records  here  presented  to  the  pro- 
fession are  the  gradnal  accomolation  of  over  thirty  i^ears'  investigation. 

"  Dr.  Davis,  bringing,  u  be  doei  10  his  Bpecixltj,  a  grett  aptitude  for  the 
solatioa  of  meohiuiical  problems,  takes  a  high  rank  ■«  an  orthopedic  surgeon, 
and  liis  rer;  practical  contribation  to  llie  literature  of  tLe  subject  is  both  raiu- 
able  and  opportane.  We  deem  it  worthj  of  a  plaoe  in  ercry  physician's  library. 
The  style  is  anprelending,  bat  Ireochaat,  graphic,  and,  beet  of  all,  quite  intelli* 
gible." — Mtdiad  Record. 


ECKER. 

The  Cerebral  Convolutions  of  Man, 

represented  according  to  Peraornd  Investiffations,  ft»- 
peoiaUy  on  their  Development  in  the  F,£tus,  and  witA 
referenm  to  the  Use  of  Phuaicians, 

I 

^        "  The  work  of  Prof.  Eoker  is  noticeable  princtpsllj  for  it 
I  cleamesa,  aToiding  long  JLieuBsinnB  on  undecided  points,  ind  je,%  suSeieollj 

y  ftimiahed  with  references  to  make  esgj  iu  comparigoa  nitb  the  labors  of  oth- 

en  in  the  wme  direction. 

"  Entire  originalilj  in  dcscripliTe  analoinr  is  ont  of  the  qnetitioa,  bat  the 
facts  Tcrified  by  oar  author  are  here  presented  in  a  more  intelligible  manner 
thin  in  any  oiber  etsily-acceeaible  xork. 

"  Tbe  knowledge  to  be  derived  from  thia  work  is  not  fUmkhed  by  any  other 
>ok  in  the  English  langoage." — Bottoa  M/dital  and  Svrffitai  Joumal, 
y  10,  1873. 


TranalatAd  ITom  tlie  OanoaA  br  Bohert  T.  Edaa,  H.  D. 
1  vol.,  Sre.  SI  pp.  »1.ZS. 


ELLIOT. 

Obstetric  Clinic,  a  Practical  ContrihiOion  to  the 
Study  of  Obstetrics,  and  the  Diseases  of  Wonun  and 
Children. 

Bj  the  Ute  OEOBGE  T.  ELtlOT,  IL  D., 

LaWPrvftHorof  0M(e«riCBUdth«IllaBi*MOf  VooMond  (nlMnia  tatfacBgann*  lln^W 
MedleiUOstac:  Pb^Halu  U  Bcltanu  BoulUL  ud  lo  tb*  Nsir  rork  Ljliic-la  Aj^rt^ i 

Ooii«lUmP&rt<am  W  Uw  SmnrfBA  GbQd'*  Haqdul:  CgmalitiiK  Bntnoo  isOMetiia 
'WoBuTHoniltsI:  OorrMpoBdiBr  Maaberof  Iba  BAobnEliObstetrtal  £iclBtyua(<a> 
Jtapi  Aoidwir  or  Uinu;  FeDnw  aribtS.r.  Audun^  of  Mwticiu;  UbbW  ctf  ^ 


1  VOL,  &*o.  468  ».  Clotk,  U.ML 
This  work  is,  in  a  measure,  a  resumi  of  separate  papers  nrevioul? 
prepared  bj  the  late  Dr.  Elliot ;  anil  oontaina,  beaUiea.  a  record  of  Miaii* 
tno  hnadrtd  important  and  dlllicult  cuses  in  midvriferj,  seleoI«il  from 
his  own  practice.  It  hag  met  with  a  hearty  reception,  and  baa  rMelvad 
the  bigheat  eacominina  both  in  thii  coQUtrj'  and  in  Europe. 

"ThBTuliiii]Btirl>r.  EIDot  ba  tcaml*  Ins  nlM,  Uuii^  In  ■  dUTsmtt  dineOim,  ttes  k« 
of  [ha  Edinburgh  phjTBlcliD  (Dr.  Dnniaii,  -EoMEDlmiBObilBltiM'),"— Lane*! 

-"There  is  QD  book  In  Aouttcu  obOetckal  UUnInn  (bituirpuMi  tU*  nihi  "     PMidlHfl 

liDiiti  of  em;  pncUilMMr  of  mldwiliaT  u  Um  «i>iinliT.''~AiMa 


FLINT. 

Manual  of  Chemical  Examination  of 

the  Urine  in  Butease.  With  Jirief  l>ireetio>ia  for  tM 
Examination  of  the  most  Commmt  Varieties  of  Urinary 
Calculi. 

Br  AUSTW  FLINT,  Ja.,  M.  D., 

P»b««(rfPh;ilo4<K}-vid3dlcniH»pTin  A*B«llmi>lI(init>lMedli!i]ODllfn:  F<Ba»<f1to 
Sow  rurk  Acw^m)-  of  MedklDe ;  Membsr  of  Okc  UoJloI  «»d<in  nf  tba  OoouiT  <d  «•• 
Turk;  Eobkat  Membai  al  the  Lthodi  oT  NUurtl  IliUorr  In  lb*  CItj  of  Hew  Tccfc, dB. 

Ibiid  EdltiAa,  rtTlMd  and  OMrMtad.  1  toL,  ISnui,  77  H.  Cloth,  tljOQi 
The  chief  aim  of  this  little  work  is  to  ennble  th«  hxay  praeCititmer  to 
make  for  Inmselt  rnjiidl;  ftod  easily,  idl  ordinary  «<xauiiQ*tiuii»  itt  tiriiw; 
tojn^e  him  tlie  oeneSt  of  Ibe  autbor'a  experience  in  uUiuinatiBg  Uttl« 
dJIficalties  in  the  manipulatlrms,  and  in  redacing  proceates  of  analjdl 
to  the  utmost  simplicity  that  is  consistent  witii  at^curac;:'. 

'■WsdsiwtknoiroranTiiDtklnEivIlabfeeiHBpMeuulbudjru  tba  ^r Iiiin  iillBii 

to  ifac  prornrion  b;  Dr.  Hint.  Bad  the  hl^h  HleiidBr  npnwloii  nf  tb*  wUiAr  ■•  ■  aBaaaa 
rauuua  oTUw  ■connii]' of  111  itaH  dlmtiwu  clieiL~--Vsw«a' ^  jl^HM 

"  Va  cu  onlualutliiglT  ntommend  Uila  Uanuitl.''— /^ 

■  EmlBeatly  pricUal"— 2l4*roH  Seritv  nf  irsf  Mm 


J>.  ApptOon  ds    Co.U  Medical  PublicatianM.  9 

FLINT. 
The    Physiology    of    Man.      Designed  to  rep. 

resent  the  Eeistirig  State  of  Physiological  Soience  at 
applied  to  t/te  FuncUona  of  the  Human  Body. 
By  AtTSTIN  FLINT,  Jr.,  M.  D.. 

PnAwor  of  F>itiMc«t  wd  MiFnwnpT  In  Iba  BsDsroo  II«plt>:  MolUaJ  CoD^k  ud  In  tli* 
LcDg  Iiluid  CiiUn^  UoipiUI :  I'olJuw  of  Urn  Naw  York  LaAetDy  or  MeitklDc ;  UIohuivim 
lo  BolUnu  lloipluL 

In  rive  TolBmsa.   8to.   listed  Paper, 

Volume  I. — The  Blood ;  Circulation;  Besplration, 

•vo.   SOS  pp.    Cloth,  tft-So. 

*If  the  remaining  portions  of  Uils  work  uro  compiled  irlth  the  >uae  can  md 

loounwj,  Uie  whole  nisj  rie  with  any  of  thosG  Ihnl  han-  of  lute  yean  been  ppo- 

daoedinourownor  inlbreiga  Lugiugos." — Jirilia/t  aiui  Foreiffn  Meiiko-CMiiirffi- 

"Am  b  book  of  general  infonnation  it  irill  be  found  jiseM  to  the  practitioner, 
and,  u  a  book  of  reference,  fnraluable  in  the  banda  of  the  aoatomiBl  and  ph;^- 
ologiit" — Dub/in  Quarttriii  Jourwd  of  Mutical  Seinee. 

"The  coinploW  work  will  prove  a  valuable  addition  to  our  systemntic  trratiMB 
on  haaian  phyiualogf." — Tht  Lanat. 

"  To  those  who  desire  (o  get  in  one  Tolume  a  cODCiBc  aad  clonr,  nnd  at  the 
same  time  suOtoicntl;  full  raamr  of  'the  eiLBting  Btnte  or  phjaiologica!  acicDoe,' 
WD  can  heartilf  recommend  Dr.  Flint's  work.  Uoreorer,  aa  a  work  of  typogjapbi- 
Cftl  art  it  dc^rres  a  prominent  place  upon  our  librorj-shelTes.  Uessrs,  Applelon 
£  Co.  deeerre  the  thanka  of  the  profession  for  the  rerj  handsome  stjU  in  which 
they  issue  medical  worki.  They  gire  us  hope  of  a  time  when  it  will  be  very 
e^nerally  believed  by  publiahera  that  phjNdani'  oyea  are  worth  Bnviog." — Mtdi- 

Volume     II.  —  Alimentation  ;    Digestion  /    Absorption  ; 
Lymph  and  Chyle. 

Sto.   BS6  pp.   Cloth,  C1.M. 

The  second  InsUUnent  of  ibis  work  fulfils  all  the  eipecutians  raised  by  the 
jf  the  firel.  .  .  .  The  author's  elplnnaliooa  and  deductions  hew 
of  much  careM  reHectioo  and  study.    ...    The  entire  work  la  one 

„ .ntercat.     The  author's  style  ia  as  clear  and  concise  aa  hii  nurthod  ia 

■tudioua,  careful,  and  elaborate."— Wt^aiWpA.a  Jnqairtr. 

"  We  t^gard  the  two  tretHUcs  already  issued  as  die  very  beat  on  human  physi- 
ology which  the  English  or  any  other  language  affonk.  and  we  reoommend  them 
with  thorough  confidence  to  studenta,  praclitionera,  and  laymen,  aa  models  of 
literary  and  Bclenlific  abilily."— A'.  T.  Medieal  JoumaL 

"  We  have  found  the  style  easy,  lucid,  and  at  the  same  time  leiM.  The  prac- 
tical and  posiliva  result*  of  physiological  invMtigation  are  succmcUy  «*^ 
without,  it  would  scam,  extended  discusdon  of  disputed  poinla. '— Anion  Mmhtal 
and  Surgical  Jmimal, 

"  It  ia  a  Tolume  which  will  b«  welcome  to  the  advanced  swdcnl,  and  aa  a 
work  ot  reference." — TTw  ZitncW. 

"TbeleidingsulyeotB  treated  of  ate  presented  in  distinct  porta.  «Bch  of  which 
te  dnigncd  to  b«  an  exhaustive  essay  on  that  to  which  it  refcrs." — Waltm  Jour- 
nalo/il^MH.. 


I  iVidenci 


Flint's  Physiology.   vo\ume  ah—secntion  ,■  £»] 

crefion;  Ductksa   Qtanda;  Hvtrition;  AHtmal  Btat; 
Movements  J    Voice  and  ^>eech. 

Sto.   G2a  pp,   Clath,  USO. 
"  Dr.  Flint's  rcpaUtian  is  gnfficieut  to  pre  a  cliiracler  to  tlie  b 
profeBfion,  wbere  it  will  obitfly  cirmlitle.  on  J  raaoj  of  the  fat^  giTca  N 
lerifiod  by  the  author  in  hi*  labonii«>r]r  and  in  public  demoi '"~  " 

"  Tbe  author  beatowa  judldous  care  and  labor    Facts  arc  artected  *ilh  dia-   j 
crinsinalioa,  theories  crilic»tlf  ei&niiDGd,  aud  conclusiona  cuuucialvd  vilb  ci^ 
mendable  cleuness  and  preciuon." — Anurjcan  Jitamal  of  tin  Mtiiioal  Bei^tiL. 

Volnme  IT, — The  Nervoue  Sijaiem. 
Sto.  CloUt,  t4.S0. 

This  Tolume  embodies  &e  results  of  exbaoHtiie  stodj,  uid  of  a  lang  lat 
laborious  raries  pf  experiments,  presented  in  a  oumner  rcmu-kahle  (or  ita  i<miglt 
and  clesrnees.  No  other  departuient  of  physiologj  ba«  so  prajbnnd  an  niHHt 
for  the  modem  and  progrcsEiTe  phjaioiaa  as  that  pertuning  to  die  mmwi 
svstem.  Tbe  diseases  of  this  sjBlom  are  now  engaging  the  Kndj  uid  aUMiM 
of  aome  of  the  greatest  minds  in  the  medical  world,  and  in  order  to  loUa*  ibdi 
brilUaot  discoTeiies  uiJ  deTelopmeDts,  espociallj  in  oonneirdon  with  llw  sciaaM 
of  electrolog;,  it  is  abBolut«lv  necceearj  to  obuin  a  clear  and  settled  kaovbdct 
of  the  anatomy  and  phystologj  of  the  nerrons  sjotem.  Ii  ii  tbe  Ataifft  of  Imt 
work  to  impart  that  knowledge  free  from  tbe  perplexing  Fpecalatioiu  aiMl  ilDoa> 
tainties  that  hare  no  real  value  for  the  praotical  ctodent  of  mediriiu.  Ha 
author  boldl;  teals  ercr;  theory  for  himself^  and  asks  his  readera  to  ncctjit  Bolb- 
ing  thai  ia  not  capable  of  demonstraiioD.  The  properties  of  the  o  ' 
nervous,  and  Ejmpatbelic  sjstema  are  treated  of  ia  a  ma 
thorough,  and  interesting. 

Although  this  volume  is  one,  perhaps  the  taosl  important  one,  ol 
admirable  series  in  the  Phj^ioloej  i>f  Uan,  it  is  nererthvleaa  oompli 
and  nia;  be  saFel;  pronounced  iniltepensablc  to  ererr  plijairian  who  ta 
and  intvreat  in  tlie  progreia  of  medical  science^ 

Yolume  V.^ — Special  Senses;  Generation. 
■to.  okth,  t4.n. 

"  The  pt«Mnt  volume  completea  (he  task,  begun  eleren  jeon  ago,  ol 
a  work,  intended  to  represent  (be  eiisting  state  of  phjsiolri^cal  a-*- 
plied  to  tbe  functions  of  the  human  bodf.    The  kindtj  recvption  « 

four  volumes  have  received  has  done  much  to  sustain  the  aathoT  ia  s      ._, _ 

taking,  tbe  tuagmtude  of  which  lie  has  appreciated  more  aitd  mora  as  the  wwk 
has  progressed. 

"  la  the  fifth  and  lait  volume,  «>  attempt  has  been  made  to  ove  a  i-lenr  acoooBt 
of  the  phjsiologjof  the  special  senses  and  generation,  a  most  difflcult  anil  dfJioate 
nndertakiug.  .  .  . 

'Tmally,  as  regards  the  last,  as  well  as  tbe  former  rolumea,  the  anlbor  ou 
only  say  that  be  bis  spared  neither  time  nor  labor  in  their  prcpamtion ;  and  th« 
imperfections  in  their  eieoation  have  bom  due  to  defioiency  in  abilitT  anil  oppor> 
lunity.  He  indulges  the  hii[ie,  however,  that  be  has  wriltrn  a  book  which  may 
assist  his  fellow-work crs,  and  interest,  not  only  tbe  stadeni  and  ptactitkotf  of 
medicine,  but  some  others  who  desire  to  keep  pace  with  thv  progrea*  «r  Kannl  i 
Science." — EtlretU/rom  Fri/act.  ' 
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FLINT. 

On  the  Physiological  Effects  of  Severe 

and  Profiracted  Mu«cula/r  Mceroise.    With  Special  ref- 
erence to  its  Influence  upon  ike  Secretion  of  Mitrogen. 
By  AUSTIN  FLINT,  Jr.,  M.  B., 

rmtmi  vt  Phfilalog;  Id  Uia  BtUsnu  HnplUI  Utdbol  Cvlla«a,  Nvr  Tork.  dte.  ■!«. 
1  tdL,  8to,   91  pp.   Clotli,  SI.OO. 

Thli  moadgnphon  [be  nlotlau  of  Uru  la  KunlHli  Uanxnlt  of*  tbomichuidctnfDl 
iDvoMlgstioo  Duuls  tD  Iho  CBH  of  Ur.  Edwvd  Furxtn  WuUIi.  ths  nkbnted  peduCrim. 
The  phoniicol  uia]yB#d  ««»  nudo  ODdur  tlu  dirDotLoa  of  B-  O-  Doramiu,M-Il-t  Frol^iur  of 
Chsmletrr  lad  ToitooloE}-  ia  the  BeUavoo  IloiplUl  Medial  ColJege,  bf  Mr.  Oku  Loew,  hli 
■ulaUiit.  TbeaburvDtlouinMauilewlibLliFcih'ipentlonDf  J.  0.  Saltoo,  U.  D.,  Proltmi 
ofFbjMolotrr  In  Ox  CoUegs  of  Pbriloluu  and  Sargeonii:  Aleunder  B.  Molt.  it.  D^  Pnhu- 
orafBoixliul  ADiIoioy;  W.  H.  Vu  Bumi.  U.  D.,  FnifMwic  of  Prludpla  efBiugEiy;  Acnlti 
Hint  M,  D..  Prafaior  of  the  PrlDDlplet  and  Pnetlae  of  Medlobia ;  W.  A.  UunmoDil,  U.  D, 
ProftnaraTIHHueiDfUiDMlDduidNenouiSjsloai— sU  of  the  Bottorao  [Iw|ilul  Hnllad 
C«lle«a. 

>*  Thli  work  »lll  be  round  liitpn<ptiii£r  to  cvi<rj  phyridAD.  A  munber  of  Importuit  rAffoUi 
WHa  Dbmned  iiluKble  to  tba  pbyBlologtiil."— nnelnnafl  Jt/rHcal  Btptrtory. 

HAMILTON. 

Clinical  Electro-Therapeutics.    {Medical 

and  Surgical.)    A  Manual  for  Pkyeicians  for  the 
Treatment  more  espeotallij  of  JVervous  Diseases. 
By  ALLAN  MoLANE  HAMILTON,  M.  D., 

Pbrdctjui  la  cttacKC  of  the  HevTark  Btnto  Hoapilil  Ibr  Dixeeea  oT  the  KiirTaue  BjraMiD; 
Member  ^  the  Kow  York  Henrolofial  ud  Coostr  MedlctI  BocMM,  etc.,  ets. 

Wltb  HnmsTOai  lUaitntlaQi.   I  vol.,  Sto,    Cloth.   FriM,  tS.OO. 

Tbli  voHi  1>  the  oompUDtlon  of  wtU-IiSed  msuunn  ud  teported  cuai,  ud  la  intfDd»d  *■ 
a  atmiile  iculde  for  the  e°»"^'  pnctllJoner.  II  la  aB  free  from  oonfatlDg  Ibmrieg,  tfcholol 
lerma,  sod  ucprovKl  ataUmenu.  as  poulhla.  Etei'trfclly  !•  Indoraed  aa  a  Tery  Tilnabk  rwoedT 
In  eertalD  dlscnete.  and  ai  id  lnialDible  th^mpeotlcal  ueana  la  Dsarir  bH  Ibmil  of  IfUTODt 

HAMMOND. 

Insanity  in  its   Relations  to  Crime. 

A  TeM  and  a  Commentary. 

By  WaLIAM  A.  HAMMOND,  M.  D. 
iTot.  Sto.  •nw.  ClMli.tl.O0. 

*  A  Dart  of  thlt  Maay,  tUMtoT  (be  tICIa  'Sodetjnmia  Inunlty.'  ma  onMbnlsd  to  PM- 
Itam't  Maqiirint,  for  Seplernber,  lEFID.  Tim  gnatar  portlaii  It  now  tnt  piibUibad.  Tbklm- 
portaoceof  the  fliil^eet  eaoaldDradcaji  voaroeljbe  OTer-ntlpulvd.  wh«(h^r  ve  TVirard  It  from 
%h*  atand-rolol  of  Klenn  or  sodal  HOMmy:  and.  If  t  bive  aided  In  Ita  elnddatlon,  m;  Db}t«l 
will  h»>e  been  atiuloid,'— Avn  AuOwt'i  Pr^at*. 


& 
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HAMMOND. 
A  Treatise  on  Diseases  of  the  Nervous 

Syetem. 

By  WILLIAM  A.  HAMMOND,  M.  D., 

iu8Titm.udof  OliilnlllcdMsft  bthsBttfra 
CU«?  u  th»  Niw  York  SIM*  Hoaplal  lat  D^^ 


Via  Fonr-fiTa  niottntiaiii.   1  vsL,  Sn.  7«)  pp.  Clotk,  U.OO. 

Tbo  treatise  embraces  an  ioCrodnctory  chapter,  which  relates  to  th« 
Instraments  and  apparotTig  employed  in  tb«  dia^osis  and  treatment  of 
diaeaaes  of  the  nervQas  gystem.  and  five  aeotiODB.  Of  the»e,  th«  tint 
treata  of  diseases  of  the  brun ;  the  aecood,  diaeaaes  of  the  spinal  eoti ; 
the  third,  cerebro-spinal  diseases  j  the  fourth,  diaeasea  of  Derre-ceUs; 
and  the  fifth,  diseases  of  tbo  peripheral  nerves.  One  feature  which  tua; 
be  claimed  for  the  work  is,  that  it  reala,  to  a  great  extent,  npon  the  p«i> 
aonal  obserratioD  and  eiperieooe  of  the  aothor,  and  is  therefore  no  n 
oompilation. 

Thia  work  is  already  nniversally  popular  with  the  profeaaon ;  tb«Sr   I 

appreciation  of  it  may  be  evidenced  by  tlie  fact  that  within  two  fCM*  I 

it  has  readied  the  fourth  cdi^on. 


vaA  U  BlRiFdi  HI  piai 
iivUaal  SiptttfHTf. 

'  TUB  la  nDqiuHonsblT  Iha  nwit  < 
thil  hu  ;aL  ippurn]  In  lbs  EoclUh  ]u 
Dr  [lamoioaa  iju  UI4UJ;  bu#d  It  CD  I 
remlEd  oar  HMAer\  hvn  bftfln  Ivrj  scl 


7  Pnf.  nimnuad  woiild  b*  oH  of  i 


Ugor 


L:ia;sal 


ufB :  ind  lU  nlna  i>  modi  liunH*!  \/r  Out  kct 
I DWD  cxjmieDce  and  pnetlcflh  vJikdi,  ir*  b*«|  ha 
altar— london  MiOicat  nm*t  i»i  J  aatHt$. 


"  TMa  It  ■  nlnaUc  and  (VnipnlitgiitTa  book :  It  aiahcKw  loaOT  toplci.  >iul  'tlra/Ut  onr  a 
i>Jd«  apbera.  One  of  tha  uioat  rainabta  paita  of  It  nlalca  to  U»  IHacuca  of  Ibi  Itradi ;  wMla 
tbe  ntnalBlnc  imrtlDii  of  ih«  tolumo  inaKof  the  DlaaMWof  (be  apuinl  iViol.  If-  ■"' — ■— 
IpUal  STaMDi.  Ok  Neire-CeUa.  and  Iba  Paripbatal  HBTts."— £r<Ua\  iltdteal  Jim 

\a  (mqqertbnublj  lb 

Ofl  Jpt    BplifullVd  in  ,     . 

it  tbo  work  It  BO  mero  mJllatanimlB  «f  oM  o\ 

porEeiKnood  pnurllca,  vhtcb.  at  wa  bt —  *-•—  -»- • 

can  Journal  q/'  3ffp/UIoffPOjAy, 
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HOFFMANN. 
Manual  of  Chemical  Analysis,  .m  u,y*w 

to  t/ie  Examination  of  MfJieiital  C/iimiiciJt  and  tfteir 
Pr^arationt,  A  Gnide/or  the  Det^rminatioit  of  lAeir 
Identity  and  Qttality,  and  for  tha  J>et«ctioH  iff  /nywrj- 
liea  and  Adulttraliona.  for  (A«  use  of  /^AarmaceHfMf^ 
Phyticiana,  Druggie*,  and  MannfitetKfing  ChemUU,  and 
Pharmaceutical  and  Medical  Studvntt. 
Br  FRED.  HOFKHAXN.  Pmi.  D. 
OiM  vol,,  8to.    Biobljr  IlloitnUd.    Cloth.    Prioa,  tS. 


nuft-dtli'iil  jnbfjratnrv  nfnJ  Hhmry.  Mod  lit  (i  »fr  nn'I  InntnipUvih  jrnl'lv  lo  niHIrni  fltuil^bU  ud 
pmseUaam  at  inedkiisii."— ,iiH*p>oiin  Jtntnuil  t\fft*tnrt  and  AHi, 

1a  AmerlH  thii  vnrk  fan*  ilrrwif  mi^t  vlth  irriMinl  mil  tJDfpitHntxl  ip^^roviil ;  md  tn  Hnnp* 
w  na*  twitut  <r«lnn»d  >•  oat  of  Uit  bnl  lUd  mul  laipOTtiuil  adillllniiii  tn  nadfra  plMnuun- 

Send  for  duacripiku  circular.     Addrces 

D.  APPLETON  &  CO.,  549  &  551  Broadway,  H.  Y.  City. 
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HOLLAin). 
Recollections  of  Past  Life, 


1  vol.,  12bu,  aSl  pp.   PriM,  CloUi,  t2.00. 

A  TS17  eiitcRalnlng  mod  IntUuellTe  narntlve.  pirUUng  tomintut  or  tb«  unn  of 
■atoMoKnpb;  and  jet  dlitinirt  fnia  It,  In  Iblf,  ilul  lu  cblct  olitK*-  ■■  *ncs«l  ^  IM 
miler,  1>  sot  m  macb  torecooDt  lbs  cisdU  ot  bl>  own  Ufa,  ulo  perCuRn  ilm  iiffliij  iif 
ChraDlcler  Eu  DtfaBn  Willi  whom  be  cam*  Id  oontact  and  wu  lonx  uaodited. 

Tba"LifBDf  Xlr  Benir  Hollind"  li  ono  to  b»ncoU«cUid,4[id  hohat  Dot  erT<dI*|l» 
lug  ID  ootlLne  ol  It  lo  tDs  pnblic."— 71h<  LaHea. 

••  Hl«  mamac7  wu— 1>,  wg  mtj  uj.  Tm  be  U  atltl  iIlTe  md  In  pOMaHlns  of  >n  kti 
DkdUIu — UoKd  with  nKollecllom  of  tbe  moel  emlncol  men  (tud  womoD  of  ihl*  «» 
lurr.  ...  A  life  eilendlDc  oief  a  period  of  elgtlj-foor  jan,  1  ' 
■ctiTe  nunnsr.  lathentlditaC  Iba  beat  lodnr.  which  the  world  bj 
utUy  (n  rnUofelogiilarlaiereii:  and  Sir  Btarj  Iloiluidbu  lor~ 
bit  laentoiT  loit  Ita  fmbueai  bsfon  recalling  emao  of  tbe  li 


HOWE. 
Emergencies,  and  How  to  Treat  Them. 

The  £kiology.  Pathology,  and  Tsvatment  of  .^ctfidbnK, 
Di»ea»e»,  and  Caaee  of  Poisoning,  which  demand 
Prompt  Attention.  Designed  for  Studenti  and  TVoe- 
titionen  of  Medicine, 

By  JOSEPH  W.  HOWE,  M.D., 

GUmeal  Fnluaor  of  BurjraT  hi  tbe  Medical  D«inrtmant  of  the  Uirirenltr  ef  Kmr  T«k  t 

TWUnsBDisHDloGharilrHesplBl;  fe[lvw  ol  tbe  New  Tort  Aeadamr 

orMedMne,et&.e(e. 


1  TSl.,  m.    Clotll,  15.00. 
k  hu  a  taking  titie,  and  wia  wrlttm  hj  a  (ealleoiaa  0 


vflid  bi  the  probHloo.  ...  To  the  eanen 
—  — ' ■■■-  -'■■  and  moral  sapport  of  ■  coi 


» rooienUed  as  a  Tahitble  help.    We  eenimend  It  10  the  profeolon. — Oinot^KoU  Li 


"^ThlS  work  bean  *Tldeiii)eoraaiarai«b; 


of  the  pmhulim.    Ilia  aathor  aeeoii  U  puiaeM  a  peeiillar  aptllndelbr  Impanlnc  IihIihiMm 
•■  wrll  u  frn-  •InpUhlU'  Irdlooi  dstalls.  ...  A  cueful  peruia]  wlU  amply  niiaF  Uie  Hadaal 
■  — ..W  York  Mtdiatl  JtmmaL' 
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HUXLEY  AND  TOUMANS. 

Elements    of    Physiology    and 

Wiih  JVumerovs  UlustTatwna. 

Bt  THOMAS  H.  HUXLEY,  LL.  D.,  F.  R.  8.,  nnil 

WILLIAM  JAY  YODMANS,  M.  D. 
Hew  ud  EeriMd  Edllloii.   1  vol.,  12nio.  420  pp.  tl.TB. 

A  text-book  for  ednoatioEal  inBtitntiona,  and  a  Tuluable  elempntary 
work  for  BtudaoU  of  medicine.  Tbo  greater  portion  U  from  the  pen  of 
Professor  Huxley,  adapted  b;  Dr.  YonniaDH  to  the  circnmHtanccs  and 
roqnireiiients  of  American  edncatioQ.  The  eniineut  claim  of  Professor 
Hnxley'a  "  Elementary  Pbysiologf  "  is,  that,  while  np  to  the  tiraes,  it 
u  trastworthj  in  its  presentation  of  the  suttiect;  wliile  rejecting  dis- 
credited doctrinea  and  doabtful  epeoolations,  It  enibodiea  the  latest 
resolta  that  are  established,  and  represents  the  present  natual  state  of 
physiotogioal  knowledge. 

*  A  Tihubla  flonlrltnitlDD  lo  adbIooiIcaI  ud.  |»b;ri1oLo0aaJ  wAoaat'''^ItfHtfioin  TiltMopt. 
■A  olur  ud  mD-irtmngod  work.  smbrwiUig  the  UI«C  dlKOIcrlo  anil  Kwpted  UiuHm." 
—Sufalo  Conimtnial. 

nmin  pliy»lc*l  «nuoqoiny."— «l»)»(fl^  Jeur- 


The  Anatomy  of  Vertebrated  Animals. 

Bt  THOMAS  HENRY  HUXLEY,  LL.  D.,  F.  R.  S., 


I  vol,,  12ino.  Glotli,  tS.SO. 


TTiB  former  works  of  Prof,  Dmley  Imto  n 

Uncc  and  lalue  of  Lis  new  vuluine.     It  ]a  on 

all  who  are  loterMied  to  the  aubjeot  of  wblcli 

"TWt  loag-wpecWJ  work  >rlU  ba  oorfWIr  w«l«™ 

pnUn  AattimT  m  b  cBiaptedlaiu,  roUibla.  ud,  DatwlLhiUiullag 

••  tiM»  on  ths  ml^t  oC  wUch  It  tnaU.    Ta  {mIu  nr  to  nltlolH  Dm  work  of 
« <tf  U)  lmrtt>  Kluwt  wDuU  he  tuatSf  ml  dl  plus.    It  U  uunvb 
1  a  natitaMt  difno.  tt»  uitIeIp>tUina  irtileh  huTe  bwi 
to  •atntgntUuir  oomUnAiiOD  at  wldo,  ^nar^  i^wi.  wlih  11 
Uamanl  tt  ■  pcodiglvu  numbor  at  lodlrldiiil  flKta," — .Vulii 


a  room  for  doubt  as  to  the  tmpar- 

3  whioh  will  be  very  aooeptaWo  to 
U  treats. 


I'H; 
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JOHNSON. 
The    Chemistry    of    Common     Life. 

Illustrated  wUh  nuTneroua  Wood  Eaframings. 
By  JAMES  F,  JOHNSON,  M.  A,,  F.  R.  S.,  F.  G.  8.,  ekj.,  kto, 


2  Toll.,  ISnu.   Cloth,  S3.00. 

It  has  been  the  object  of  the  author  in  this  work  to  axhibit  th« 
present  condition  of  ohemioal  knowledge,  imd  of  matored  sdeiiiAfic 
opinion,  upon  the  sabjects  to  which  it  is  devoted.  The  render  will  not 
be  Bnrpriaed,  therefore,  should  he  find  in  it  Bome  things  whicli  dlffBr 
iTom  what  ia  to  be  found  in  other  popular  works  alreadf  in  bis  haoda  or 
on  tha  ahelvea  of  hia  library. 

LETTERMAN. 
Medical  Recollections  of  the  Army  of 

the  J*oto?nao. 

By  JONATHAN  LETTERMAH,  M.  D., 

UM  Soctuii  D.  8.  jL,  ud  H«dW^  DlnctsT  of  th«  Aimr  of  Hi*  hiDSBE. 

1  vol.,  Bto.  1»4  pp.  Cinb,  »1.00. 
"  This  nooonnt  of  the  medical  department  of  the  Army  of  the  Poto- 
mac has  been  prepared,  amid  preasing  engagements,  in  the  hope  that 
the  labors  of  the  medical  officera  of  that  army  may  be  tnown  U  an  In- 
tolligent  people,  with  whom  to  know  is  to  appreciate ;  and  aa  an  affto 
tionate  tribate  to  many,  long  my  zeutoos  and  efSctent  colleagUM,  who, 
in  days  of  trial  acd  daugcr,  which  have  passed,  let  as  hope  never  to  r»- 
tum,  evinced  their  devotion  to  tlietr  coantry  and  to  the  canae  of  hu- 
manity, without  hope  of  promotion  or  cipectation  of  reward." — iVfAM^ 

*'  Wo  venture  to  assert  that  but  few  »lia  open  this  volame  of  medli^  mnal^ 
pregnant  as  thej  are  with  instruotion,  will  care  to  do  othcrwiM  than  Bnith  ih^ 
al  a  sitting." — ifrdical  Jiitord. 

"  A  graoernl  and  atFcctionate  tribute." — iV.  T.  JMUat  JoumaL 

LEWEa 
The  Physiology  of  Common   Life. 

By  GEORGE  HENRY  LEWES, 

ADtfaiiror-3ould>Btudie*.*''IJfB  arOwUiii,~MC. 

S  Tol*.,  Una.    Clotb,  O.OO. 
The  object  of  this  work  differs  from  that  of  all  others  os  populH 
■denoe  In  its  attempt  to  meet  the  wants  of  the  student,  whila  ntMUog 
those  of  the  general  reader,  who  is  supposed  to  be  whoHy  nnacqnalaui 
with  anatomy  and  physiology. 


MATJDSLEY. 
The  Physiology  and  Pathology  of  the 

Mind. 

By  HENRY  MAUDSLEY,  M.  D.,  Loudon. 

njddulalbe  WulLondoDHonii'il;  UoDnnrjr  Memhn  ot  Iht  Malini-rnctiolDfflcil  Sodrtj 
or  Putt;  Ibnaerl/  K«ldanL  Phyildns  of  ILc  Uumibealet  Kopil  Loontlc  IIoBplul.  ele. 

1  vol.,  Bra.    443  pp.    Cloth,  tS.OO. 

This  work  fliniB,  in  the  first  place,  to  treat  of  mental  jihenoraena  trom 

B  pbysiologicsl  rather  than  from  a  netapLjaioal  point  of  view ;  aud, 

Mcoadlj,  to  bring  the  manifold  inttruutive  InsConcea  presented  hy  the 

anMimd  mind  to  bear  upon  the  interpretation  of  the  obscore  problems 


of  n 


ntals' 


"Dr.  Haudslcf  tias  had  the  coarage  to  undertake,  and  the  nkitl  to  (seoule, 
what  ia,  at  \eatt  In  Knglisb,  an  original  enterprise." — Loiulon  Sahirday  Jicvien. 

"It  ia  so  fuU  of  emsible  reflections  and  sound  trulhs  that  Ihelr  wide  dissenii- 
DatlOB  could  not  but  be  of  b«ue6t  to  all  thinking  perBona." — Fiyc/iiil<^icatjminial. 

"  ITnqucBtlanablir  me  of  the  ableal  and  most  important  works  on  the  subject 
of  wbieh  it  ti«BM  ihii  hu  ever  sppciired,  and  doea  credit  to  Mb  pbilosopiucal 
acumen  and  sccumlc  observation." — jtfWfioo/  Xeeord. 

"  We  lay  down  the  book  with  admiration,  and  we  oomtnend  it  molt  earnealiy 
to  our  readvrs  la  ■  work  of  extraordinary  merit  uid  originalily — one  of  those 
produdioni  that  are  erolTed  onl;^  occasion  nil  y  in  the  lapse  of  jears,  and  that 
■erre  to  mark  actual  and  very  decided  adTances  in  knowledge  and  ecience." — 
JV;  r.  Urdicai  Jeumal. 

Body     and      Mind  :      A71  inquiry   into   their  Con- 
nection  anil   Mutu.il  Influence,   etpecialiy   in   referenct 
^^^        to  Mental  IJisoriier» ;  an  enlarged  and  revised  edition 
^^^L     to  which  are-  added  J'sycJiological  E8»aya. 


By  HENEY  MATTDSUTT,  M.  D.,  Londos, 

bwof  tlioRoj'ilCaOt^Df  Hijilduu;  PnraHor of  Medial  jDrlinroduu In UolnnllT  CSI- 
l>g«.J^doD;  Prt»ld™t*]«torihe_Hi«ltw-PiycSol«^W  AmoclaUon;  Honormry  Mmiber  ol 


Um  Uedku-l'iTEbologiol  SoTletji  or  PlrliL  nf  £•  IdiikfUI  » 
■<—et  Bojrd  LaaiUe 


fcnnslr  Ji»ld«i[  Phyilclui  of  Hi*  Muehaur  8( 

1  Tol.,  lEmo.    19S  irp.    Hotli.  ei.OO. 

The  general  plan  of  thig  work  may  be  described  na  being  to  bring 
man,  both  in  hia  phyaicul  and  mentii!  relationB,  as  ranch  as  possible  with- 
in the  Bcope  of  scientific  inquiry. 


e  work,  irhlch  erary  o 


pbjriotogy  and  pathology." — 


a  Btep  in  ihe  progresa  of  seienliflc  payehohjgy." — Tht 


18  D.  Appleton  S   Co?»  Mtdical  PubtKotiotu, 

MAUDSLET. 
Responsibility  in  Mental  Diseases. 

Bi  HENRT  HAUDSLET,  H.  D., 

Fdlow  of  ilie  Bofd  OnOcca  of  RijAluu.  PnAHsr  of  Medial  j    IihIbli  k  ITBtnr^ 

Coa«gi>.  LoikIob.  etc. MCi     Hull f  "Fiilj  mill  ¥1iiil"nij»'  'igj  mt  FKhtiij  an 

1  nL,  ISne.   313  R.   Clotk,  tl.sa. 

"nis  book  is  ft  coinp&ct  presenUtlon  of  those  ftcU  tnj  prinuples  «Uek  n 
quire  lo  be  Uk«ii  into  accounl  ia  olinutiltg  hamiLa  cespoiuibQi^ — bM  tap 
mpontiliilil*  mpirl;,  but  re^poniibiliif  for  eoniluet  in  lli«  funily,  the  fcbeot.  ^ 
all  pbisM  of  locuU  rvLiUon  in  wbicb  obligHtiun  enters  la  ui  «l«aMiK.  Tte  vori 
is  Dew  Id  pUa,  ani  was  wtitt«ii  to  nippl;  ft  widelj^elt  ««■(  wUoh  faM  m 
liitherto  been  met." — Tki  Papular  Siitittt  MoatMji. 


MARKOE. 

A  Treatise  on  Diseases  of  the  Bones.  . 

Bt  THOMAS  Jt  MARKOE.  «.  D^ 
ProftMor  or  BnnrBy  to  tba  OoBego  of  Phyitduit  mi  ftujKmt.  So*  Totk,  ita. 


g.".n 


By  WILLIAM  A.  HAMMOND,  M.  D.. 

If  Uu  Ulod  w>d  NtTTou  Sritam.  mid  oT  CUnksl  UedlclDS.  In 

CoIUob:  TkK-Frutdaiit  or  ths  AiadcDijr  uT  ModUI  Scieiiw^  NnUoiwI 

U  of  Lellm,  Aril,  ud  BduisH ;  liU  Sufti»ii>Qiiunl  U,  S.  A^  Mc 

1  ToL,  ITO.    497  pp.    Oloth,  M-60. 

"It  18  the  duty  of  every  physioisn  to  study  the  action  of  eiMtricity, 
to  become  ncijuainted  with  its  value  in  Uierupeutire,  and  to  follow  tbe 
improvemeiits  tLat  are  being  made  la  the  avpiratiu  for  its  application  ia 
medkiDe,  tliat  lie  nay  be  able  to  choose  the  one  beet  adapted  to  the 
treatment  of  individnol  ooAes,  oud  to  test  a  remedy  fairly  and  withont 
prtjndice,  which  already,  eepeciallj  in  nerrons  diBi'-asea,  has  been  used 
witb  the  best  resalta,  and  which  iiromises  to  yield  an  abundant  honrait 
tn  ft  itiU  brooder  doinoin." — From  AvthorU  Pr^aee. 


"  Thoee  who  do  not  read  Gerroan  Bre  ondcr  preal  obllgsHons  to  WUBmi  X 
Hammond,  who  hsR  giTen  Ihcm  not  only  an  eicellcnt  tranrintion  of  a  moat  o- 
(rllciit  work,  but  has  gi»en  oa  much  TnhiBble  informalioti  and  many  niggtatieill 
from  his  own  p«r»onal  eipericnce." — iffHeti!  Krtonl. 

"  Dr.  Morid  Meyer,  of  Berlin,  ha*  been  for  more  Ihnn  twenty  jmn  »  loboriotM 
and  conidPDtloijB  student  of  the  application  of  eleotticiiy  to  practiral  medidne, 
and  the  re»«llB  of  his  labors  arc  pTtn  in  this  volume.  Dr.  Hammond,  ta  mBking 
a  tiwulalionoftho  third  German  edition,  has  done  a  real  spryice  to  the  profeMion 
of  tlul  country  and  of  Great  Britain.  Plainly  and  concifely  written,  and  simply 
and  dearlv  arranged,  it  contains  jual  what  the  physician  w«n«  to  Icnow  on  the 
«ni(ie«t"— jp:  r.lfafiW/™™./. 

"  it  Ib  destined  to  fill  a  want  long  fell  by  phT5icinn«  in  Ihts  country."— .fc«r"« 
o/  OAsVfn'n. 


so  D.  Appbton  A   Co^t  Medi<Ml  J^Micaiiont. 

NIEMEYER. 
A  Text-Book  of   Practical   Medicine 

With  Particular  Beference  to  Phygtoiay^  and  PutSa- 
logical  Anatomy. 

Bj  the  late  Dr.  FEUS  VOS  NTEMETEE, 

I^fcMic at  F«l»linTBidTlMnip«MaLWri«tnrallh«M«««»IClBfc«<tt»0<*iBi<»<f 


By  GEORGE  H.  HUMPHRETS^  K.  D^ 

l^a  ■•  <rf  Oh  FlnildBil  to  the  Dmu  of  Medial  ud  SwMsil  E>a^  M  BiAn*  n 
lb*  Oat^uir  PDor  1  rdm  (T  IM  H  c*  Totk  jK&BV  or  )U4ktM,  vM. 


CHARLES  E.  HACKLET,  M.  D., 

u  of  Uw  BiinMM  to  am  S>«  Tidi  tf 
rk  A<ad«ir<rfllidkli^  ctE. 

SnlMd  Iditi«i.  StoU.,  8T0.   MMn-  Olatk,  WJS;  BkMtvttUO. 

The  aatlior  cnJertakea,  first,  to  ^ve  a  piotnra  of  dHBMO  widA  <Mt  ■ 
b«  as  lifelike  anil  faitlifu]  to  nature  as  poeaible,  instead  of  fa 
theoretical  scheme;   secoodl/,  so  to  ntiUie  the  c 
of  pathological  anatomy,  phjsiotogy,  lud  phyuolosicil  ob«ii 
fnnuah  a  clearer  insight  into  the  Tarions  processes  of  d 

The  work  has  met  with  the  most  Sattering  reception  and  4 
snooeas ;  has  been  adopted  as  a  tert-book  in  many  of  the  m«dicd  4 
both  iu  this  0000(17  and  in  Europe;  and  ha*  rec^red  the  fetTl 
encomtoms  froia  the  medical  and  secular  preas. 

"  It  is  ooinpretieiiiiTa  and  concise,  and  ia  dunclctiKd  hj   1 
oripnJiljf." — DHblia  Qaarlerlg  Jounud  of  Mtdirine. 

"  lu  author  ii  learned  in  medical  Uicncure ;  bo  bw  anaogMl  hk  natandt 
with  care  aad  judgmmt,  and  baa  thought  erer  them." — 7^  Tri^-^  ' 

"Aa  a  full,  ■jgtematic,  aod  thorougtiij  praetioal  guide  be  the  MnlMl  aad 
pbjiidaa,  it  ia  not  eicell«d  b;  anj  BimW  tfcatiac  in  any  buiKmee." — ^Affi^md 

"  Tbe  aatbor  is  an  accomplidwd  patholo^t  ud  practical  phjiidaa ;  b*  is : 
«nly  capable  of  appredating  tbe  now  ditoarotiea,  wUcb  dori^  tbe  bM  lee 


iZ^: 


have  been  miuaallj  m 
bat,  bj  bii  clinieil  eip 
pre  jadgment  r^arding  then."— 

"  n«Nn  it*  gencnl  exoellenee,  we  ara  ^spesed  to  think  that  H  •ill  at 

its  place  among  llie  reoog^ied  test-booka." — dnwrioia  QitaTiBtif  JtmrmI  ^    I 

"  Tlie  Gnt  inquiry  in  this  ooonirj  nganUog  a  Qennan  book  gaioMlty  Is, '  b 
It  a  work  af  practical  Talae  T  "    Witboat  stopping  to  consder  tbe  iasBma  «f  tk«   I 
American  idea  of  the  '  practical,'  we  can  ui^e^latinglj  answer,  '  It  la  t '  "— JAm    | 
Tpri  Mt£oU  Journal  ' 

"  The  author  haa  tbe  pawn-  of  aiftiag  tbe  tares  &om  the  wheat— «  n 
the  DCateat  importance  in  a  (eil-book  for  students."-    ~  ''  '    "  "     '  ' 


!r  exalted  opinioa  Our  «Oiia[rjmen  may  hare  of  the  auhor'a  tataH   j 
«f  obserration  and  his  practical  good  scase,  his  text-book  wiD  not  ifi>s|niiiM 
(btu,  while  those  who  are  »o  Dnfortimate  aa  to  know  hJm  only  by  name,  faara  )i 
store  a  rich  tpaat"— .V™  Tart  JlcJital  Bnonl 
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NEUMANN. 
Hand-Book  of  Skin   Diseases. 

By  Da  ISIDOIt  NEUMANN, 

Lfccarer  on  BVJn  DUnsoi  In  iIif  BothI  [lalienll;  o[  VIeDa*. 

momlBted  tram  advanced  BheeU  of  Uie  Neoond  odlUon,  turalabed  by  tba 

Author:  wlUi  Notaa, 

By  LUCIUS  D.  BIR.KLET,  A.  M.,  H,  D.. 


ud  SkiD  Dliei 


a  flargeo 
1  vol.,  8vo-   AbDQt  4M  pagai  uid  OB  WoodottU.    Clotli,  M.DO. 


:;Uhb- 


PmC  Hcnmuiii  nnk*  ncood  odI)  i<>  I : 

U.  Tbsboakli  >baaduiC]jllla*(»tod  wlttaplaiMul 
ildn.  Tlietna>]iIcirliui»ido*Tored,b7  mum  oTnoMs 
[■DtDBnti,  tOBSikc  Uisnork  ntublctatbeitudanc  ■ 


"  It  U  »  •otk  wlilrti  I  (h*)!  hftL-  _-,  . 

•ItJ  of  PiDDiTlTBals.  (sdoaswUcb  1  Ir^ . 

|lB8>lon  OD  tbil  aiibject."— Zovli  A,  DtAiing. 

■•—•a  bj  rSnrenooi  to  Um  r1a>r»  < 


11  Iiroiiu-^  ur  [letmaiolo- 
JM7  aud  p«LboLo^  of  tba 
[U!li.Bnell>b.*adAmi![l- 
to  Ibe  pncUtionu. 


'^'l^Drv  cerlnlnij  [■  nn  worl 
LnntomyoftliBaklnMiloMth 

"  Ills  crtglDil  Doin  br  Dr.  SnlUe;  ue  Tar;  pnuUotl.  uid 
he  MA    .    .    .    I  uiildpktti  (tor  It  *  iild«  cIrealtiliiD."— Ate. 

"Ihara  ilrodj  iirlcii  cipresaBd  mf  hinnible  opinion  of  [i><-  uw 
■kd  that  II  li  gimi  to  tba  pabUc  M  luL"— /onui  a  WhUt.  BeiUm. 

■' More  than  two  tcanngo  we  noticed  D[,  N«uo«iin'«  idmlfiiblf 
ih»pa ;  »Bd  ■«  »ro  tberelDn  ebsolTed  fniia  the  neceivflij  of  mjlng 
nu  ttroDe  rDCommeDduloo  of  II  to  Kii|[Unti  naden."— AwUMKur. 


in  Imnortwil  adlDDCt  to 
I  book  In  print.  Ind  HQ 
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NEFTEL. 
Galvano-TherapeuticS.    The  Ph^iiologieal  and 

Therapeutiail  Action  .if  the  Galvanie  OurrerU  upon 
the  AeouetiCj  Ojttic,  St/mpathetic,  and  Pneumogattrit 
Nerves. 

By  WILLLAiT  B.  NEETEL. 
1  rol^  l£iiia.  IBI  pp.  Ctoth,  tl.M. 
Thia  book  has  been  published  at  Ihe  request  of  several  anral  (U- 
geons  and  other  professional  geDilemen,  and  ia  a  ralaable  treatiM  m 
the  subjects  of  whioh  it  treats.  Its  author,  fonaerljr  viaitiiig  pbj^daa 
to  the  largest  hospital  of  Bt.  Petersbnrg,  liaa  bad  tlie  verf  best  &iali< 
ties  for  inTestigation. 

"  ThiB  little  work  shows,  as  far  as  it  goes,  fall  knowledge  of  wh«i  bu  been 
done  on  tlie  subjecla  treated  of,  and  the  autlior"!  practical  acqaaintaiK*  villi 
theni." — A'tw  Yorl:  AMiealJourHoi. 

"  Tlioae  who  uie  cdeetricit;  shmild  get  this  work,  and  lboa«  who  do  not 
should  peruse  it  to  learn  that  there  is  one  more  therapeutical  agent  that  the; 
could  and  flhouM  posGeas." — Hit  ilrdieal  Invaligalor. 

NIGHTINGALE. 

Notes  on  Nursing:    what  Uis,  and  KhatUit  not. 

By    FLORENCE    NIGHTINGALE. 

1  ToL,  lEno.   ItO  pp.  Oleth,  TS  wnti. 

Everj-day  sanitary  knowledge,  or  the  knowledge  of  Doraing,  or,  m 

other  words,  of  how  to  put  the  ooustittition  in  such  a  state  as  that  it  vUl 

bave  no  disease  or  that  it  can  recover  from  diseas*^  takes  a  higber  pU««. 

It  is  recogniced  as  the  knowledge  which  every  one  ought  to  h«T^-^l>- 

tinct  from  medical  knowledge,  which  only  a  profesaon  can  have^ 

PEREIRA. 

Dr.    Pereira's   Elements   of   Materia 

Medica  and  Therapeutics.  Abridged  and  adupud 
for  the  Use  of  Medical  and  Pharmaeeuticid  Practi- 
tioners and  SluderUa,  and  comprising  alt  tha  M«di- 
einea  of  the  British  Pharmacopma,  toith  arich  others 
as  are  freq^ien^y  ordered  in  Presoripti<tnSf  or  r&- 
guired  hj  the  Physician. 
Edited  by  EOBEKT  BENTLEY  and  THEOPHaDB  REDWOOIX 


k r. 
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PEASLEE. 

Ovarian    Tumors  ;    T/imr  Pathology,  Diagnoslt, 
and  Treatment,  with  reference  especidUy  to  Ovariotomy. 
By  E.  E.  PEASLEE,  M.  D., 


.  Sto.    niutrated  with  many  Waodonti,  and  a  Stoet  EngnTing  of  Dr. 
£.  HcDovslt,  tti«  "father  of  Ovariotoiny."    ?Tloe,  Oloth,  tS.OO. 

TiluHblf  wark,  unbnclng  ttaa  ruulti  of  dibdj  jan  sf  iucc«9fD]  giperfiacs  In  the 
dvJHVtinoiit  of  vblcb  It  treatA^  wlH  prove  niMt  ficnptablA  lo  the  entire  profMAlon ;  vhlJa  thft 
hl|i!i  ituidlni;  oftlie  taOutr  md  tati  knanli^dea  of  tbe  anbjert  comhln*  to  tnoko  Ibc  book  ilia 
bent  In  Ibe  laDsuiefl.  It  1i  divbted  Into  two  piutA :  the  Dnt  treating  of  Ovarian  Tqiudh.  their 
tuaXeraj.  [ntlinlciiry.  dUginelB,  nsd  tr«ttii«iit.  eiropt  b;  aiUrpBtlcm ;  tbDeccoad  of  Ovariot- 
omy, Ita  blf  toTJ  and  atitlAtli^  and  of  the  operation,  Fally  lUoitntoiI,  and  abanndlDg  with 
InfbnnMluD  the  resall  ofa  pmlonged  ttndir  nlthu  mbjiict,  Che  ivork  tbooM  be  In  tliD  haiids  of 
Kwwy  physldan  lb  the  eonntrr. 

The  followtng  an  losis  of  the  opinions  of  the  prgia,  at  hOD*  and  ibroad,  of  Iblt  Ereot 
•ork,  «hlch  luu  b*on  ]Mt]j  iijled,  by  an  emlnaiit  crlUe,  "  Me  bhmI  eompUU  midiaal  moiu- 
ffraphon  a  praetioal  aubjict  tetr pnMluad  in  Aia  eou%lryJ* 

"His  opinion!  opon  wbatothen  bsveadTlied  iro  dnriy  eel  lanh,  and  am  ai  IntwMliic 
and  Important  ai  an  the  propoeltioni  he  bu  blmcelf  lo  pdvanoe ;  while  then  an  a  froehuea^ 
■  vIpH.  an  authority  iboot  bl*  wrttUig.  Kblcb  treat  piactla]  ImiiHledga  alone  can  oanfu."— 

len.  Id  either  yiatk  the  stodont  and  pnctltlouer  ivlU  Snd  the  Ihlln  of  riob  eipa- 
meat  IhoothLand  of  atoady,  well-balanced  jodguienL    Ai  England  la  proud  of 

, IT  Aneitea  wen  be  nraud  id  Peuke,  and  Iho  great  wgrldoridenramaybapnud 

ofboOi."— »«N«&  ilHlieat  Jtmmal. 

"Tlila  la  BO  rseellebt  vrork.  and  doea  ffreal  eredlt  Lo  the  IndDAtiy.  abUlty,  eelenoe,  and 
lauDUf  otDr.  PmiIw.  Few  worka  Ihiis  ftnni  themedlc^  pn«  so  tompleta.  to  oihaiutlre- 
|t  leaned  ao  Imbued  with  a  nraetlcal  tone,  witheat  LoalEiit  other  iabetanllal  good  qualltloe." 
-JftHlefti.™*  JfeJicrf  Awiui. 

''IndDelngoqrrDrlL-w  of  this  work,  wo  cannot  avoid  air^n  eipne^g  oar  appndatlDii  of 
the  thmoBifh  iliiilj',  tlie  smrul  and  honest  itatemeBtti  end  ondid  apirit.  which  chaiuterlie  It 
For  (Ae  iiM  (/  Ifle  ttn^tnt  vi  ttauld  gin  Ha  pi^trma  »  Dr.  rtatlft'i  tarrt,  hm  ailn 

'  Dr.  PeuJae  brlngi  to  the  work  ■  IhorcnclinesB  of  itady,  a  fUnlUailtT  with  the  wbol* 
Dold  of  blatoIiMj,  pbjalotogy^  pathot«pr,  and  practioal  nfiEColMj.  doc  eioelled.  perhap^  by 
thnaa  of  aoy  man  KbaeTSrpeilbmutMopentloD,''— Jrnllail^acnril. 

'  If  wo  wen  to  aeleot  ■  iWle  word  to  eipraie  what  we  regard  aa  Ihe  blgheet  oKoeDanM  of 
tUa  book.  It  would  bo  Ita  AorwhHst."— .aW  Fonb  Mtdital  JoanuiL 

"  Wo  d«m  Ita  HraRil  peniJBl  IwUipenHbla  to  all  who  wavld  treat  ovarlu  tiUDcin  with  a 
good  esnaelenca.''— .liiuH«K  Jimrnal  tf  OMefHcK 

...  . -,,,BdmbodHswlO)lBl«a 

owing  « the  nigoct  of  oful 

*  dnat  tbonnghBeae  1>  ahawD  In  Dr.  Peaalee'a  treatment  of  all  the  detaOi  of  tUla  very  ad- 
mlmble  work.-— »>•<<>«  Xtdicai  and  S^ral  JwrKitl. 

"It la  a  neceaticy  to  oirsry  aargoon  who  cuaela  to  treat  thla  dlBeaie*' — Litite%wor1A 

-  IhdlfpeSHble  to  Ihe  Amcrloon  aCudent  of  lynBooIogy.'— Aiciile  Jfaiiteal  and  JkirTloiil 

'There  la  not  a  donblfol  pulDt  that  ennld  ocenr  lo  any  odd  chit  It  not  explained  and  an- 
rered  hi  Ihe  matt  aatlitbclarr  onumar.'—  Vlr^^inla  CHtileal  Jttaird. 

•  The  woil  1>  Oho  the  arolcailoD  eliould  prtH ;  ono  that  evecr  eimeat  praFUiloner  ahonld 
•Hni,~— ffwrvfir  Urdleat  CompaiUoH. 

"Dr.  Pea«le*  boa  adileved  ■  aucceta. 
^  lo  be  wlihoaL'     --'■-■■  '  — •-■ 


S4  D.  Applaon  <*  Co.*t  Hedical  Publications. 

SATRE. 

A  Practical  Manual  on  the  Treatment 

of  Vlub-Foot. 

By  LEVnS  A.   SATRE,  H.  D-, 

ud  CtiirU}'  Uwiiiuli.  elc 

I  Td.,  ISmo.   Vra  uid  Snlkigwl  Edition,   Oott.    •1.00. 

"  The  obJEct  of  this  work  is  1o  codtpt,  in  u  condse  >  nunnw  n  poawbU. 

all  the  practical  iotoriuiiini  iikI  imtractioa  iic«e»BiT  to  cnaUe  tbc  gCBml 

practiliODer  to  applj  tbit  plan  of  trealOKail  >bich  h*5  bcoi  M  HuMaAd  ik  MJ 

own  hinds." — Pn/aet. 

"Tbc  h>cA  win  TOT  well  satlaf,'  Ibe  wut>  of  che  trjgpr^  of  fBUflvl  sncCNIaaB^  to 
whoH  use.  u  nUed.  It  b  Intended.''— A'nn  York  Midteal  AvnMi 


On   Foods. 


By  EDWARD  SMITH,  M.  D.,  LU  B.,  F.  R.  S, 
Ftilaw  of  tb*  Bo;il  CsDcea  ct  PkjilclHil  or  LOBdai.  <«&,  MS. 
1  TDl.,  Umo.   Cloth,   friM,  •l.TB. 
Since  the  itsne  of  the  aathor's  work  on  "  Practical  DietoiT',"  be  kM 
fe)t  tli»  wont  of  another,  which  iroald  embrace  all  the  seDeraUj^nan 
and  leBs-knovrn  foods,  and  coot^n  the  latest  scienCiGo  knowledg«  re- 
specting tham.    The  present  volume  is  intended  to  meet  tbis  want,  ud 
will  be  found  nseful  for  reference,  to  both  acientiflc  and  geaeral  r«a4- 
erg.     The  author  citeads  the  ordinarj'  view  of  foodji,  and  toehidea 
wuter  and  ur,  uoce  tliej  are  important  boUi  in  tlieir  food  and  wa^taij 
aepecte. 

STROUD. 

The  Physical  Cause  of  the  Death  of 

Cfn-lsi,  ami  ite  Heladon^  to  the  Princtplet  and  I*rac- 
iice  of  Chri»tianity. 

By   WILLIAU  STROUD,   M.  D. 

With  a  letter  on  the  B«t|)eet, 

By  Sis  JAHES   V.   SIMPSON,   Babt.,H.D. 

1vol.,  12ma.   423  pp.    Cloth,  »S.OO. 

Thi#  important  and  renmrkablc  book  i!,  in  its  own  place,  a  muterpieec^  taA 

«in  be  oonaidored  aa  a  staodard  work  for  many  years  to  cone. 

Tit pilDdpil polDt biiMiid  upon U. thai th« daatb of Ohrin wH cvatA  1>)r mMMtr hav. 

—PifelialtygitalJmrMal. 


SIMPSON. 
The  Posthumous  Works  of  Sir  James 

i'oun^  Simpson,  Bart.,  M,  D.     In  Three  VoluTnea. 
Volume  L — Selected  Obstetrical  and  Gynwcologicai  Works  of 

Sir  James  7.  Simpson,  Bart,  M.  D.,  D.  C.  L.,  late  ProfvSMr  of  Uid«tfei7 

iu  tlie  Unirersitf  or  Edinburgb.     CoDtaiDing  Lhe  substance  of  big  heetr 

ures  an  Hi'lnircrT.   Edited  by  J.  W*it  Blick,  A.  U.,  U.  D.,  Heoiber  of 

the  Roj&l  College  of  Phyaiciiiu,  London ;  Pbffioian-lacDucheur  lo  Cliar- 

in;  Cross  SospiuU,  Loudon ;  and  Loi'turer  on  Uiilwifcry  iiud  DlseaseB  of 

Women  and  Childreu  in  the  Hospital  School  of  Uedioine. 

1voL,8to.   UBpp.   Cloth,  M-OO. 

This  Tolame  ooDtaiiiB  all  Uie  more  important  of  the  c«ntHbaldonB  of 

Sir  Jiunes  T.  Simpsoa  to  the  stnd;  of  obstetrics  and  diseases  of  women, 

irilL  the  exception  of  his  cliDJoal  lectures  on  the  latter  subject,  whicb 

will  shortlj  appear  in  a  separate  Tolitme.    This  first  volume  contains 

many  of  the  papers  reprinted  from  his  Obstetrio  Memoirs  and  Contri- 

bntions,  and  also  his  Lecture  Notes,  now  piibllshei)  for  the  tjrst  ti'iie, 

oontwnlng  the  snbstance  of  the  praoticol  part  of  his  oourse  of  mid- 

wiferj.    It  is  a  vahime  of  great  interest  to  the  profession,  and  n  fitting 


memorial  of  its  renowned  and  talented  antbor. 


\>  maar  at  our  ntitn.  donbtlaik  th«  Mat  Df  (h 
I,  altboiigli  prabnbli'  Oiay  miy  b«  awara  that  Sir  Ji 
■be  (apan  tlwiiwjTN  wlU  be  diw  ud  fresh.    Ti 


»  Slm^ii^D  bad  wrllUm 


li  art.  Uit  naiy  at  nblr^b 


Vol 


Edited  by   Sir 


Tie   IL — Anastthtaia,   Sbspilalhm,   etc 
WiLTiB  SiHrBOK,  Bart. 

lTal.,BTO.   SeOpp.    CleUi,  11.00. 

proflf — r*«  lanaliLomim). 

rdume  IIL— TRfl  Dheasea  of  Women.    Edited  by  Alkx.  Simp- 

sow,  M.  D.,  Profeeaor  of  Midwifory  in  the  0iil*crailj  of  Edinburgh. 
1  val.,  Sto.  Clath,  tS.OO. 

SWETT. 

L  Treatise  on  the  Diseases  of  the  Chest. 

Jleing  a  Course  of  Ledurfs  deiivercd  at-  fAe  Nmo 
York  JTosjntal. 

By  JOHN   A.   SWETT,  U.  D., 
or  or  Ilia  iBBtlldtM  aod  PracUm  nt 
■"      -    kHoapltal;  Member 

1toL,8to.   BBTpp.   t3.S0. 


SCHROEDER. 
A    Manual  of  Midwifery,     induding  iA« 

pathology  of  Pregnancy  and  the  Puerperal  Stale, 

■By  Dr.  KARL  SCHROEDER. 

PnftHocofMldwItoTUid  Dgwior  of  tli«  Ljlag-la  ImBtoBoa  In  UiJ  GalTgrtly  af  EriMC"- 

Translatod  from  the  Thlid  Oemuji  BdiUoo, 

By  CHAS.   H.  OAKTER,  B.  A.,  M.  D.,  B.  S.  Load., 

Urmber  or  ibi  B0711I  CoUc^  at  Pbjrildsnt.  LoDdon.  mid  PliTildvi  AtxaaHiea  lo  St.  On^aX 
HuiDtDT  ^qHKra,  [MipeDUJ^. 

WItli  Twentr-alx  Engnvlagt  on  Tood.   1  toL,  8to.    Cloth. 

"  The  tnniUtor  feda  Ihil  do  ipoJoar  in  needed  In  oArinf  to  the  proffeaekn  ■  tnotftMlfo 
of  SdiroedcT^i  Midu]  of  UldirUsi;.  Tlie  wotk  1>  wen  known  In  flennanjr  ud  exwaalRlr 
uadua  lat-lioafc:  Itbu  olnody  nechsd  ■  third  eAI Hod  vHhln  Uu  ilion  >pue  -f  oror>**i 
uid  II  li  booed  Uuit  Uw  pnseDt  tiualitlon  urOI  m»tttaawuiL  long  Mt  in  UiU  aMUj.  <t* 
mioiul  of  mfditlfair  eiutncing  tlH  lii«t  adsauar  reeeurbM  on  Uia  nl^jHt. 

TILT. 
A  Hand-Book  of  Uterine  Therapeu- 
tic* and  of  Diseases  of  Women. 

By  EDWARD  JOHN  TILT,  M.  D., 


1  ToL,  Bto.   840  pp.   Clea,  tS.GO, 

SMOod  American  edition,  thoroagbl;  reiUed  and  amendtd. 

"  In  glrioK  the  tcidII  of  hie  tibon  10  ilie  probHlon  tlio  luthor  hoi  done  >  ereil  iraik.    ( 

reoden  «UJ  nod  la  V*^^  f^  tDlerDafiif,  uid,  %\  the  end  of  their  tu^  wlQ  Ikel  gnUefbl 

(be  Author  br  muf  TRj  Tnluule  iDggpddacit  m  to  the  trntmalof  nterliH  dtiiuaA.*^^J 

"Dr.  mt'i  ' Hud-Book  of  Uterine  ThenpmtiM'  suppIlM  >*ut  whloh  hu  oAaa  bi 

fiill. ItnaT.tbwelbre.be  nad  not  oolrwlth  pkajure  4nd  ■    "      -      -    -     —    - 

ftmnd  Terj  dhAiJ  u  1  boolc  of  rofcrenoe,"— Kl*  ^ediaal  JHnvr. 


VAN  BUREN. 

Lectures  upon  Diseases  of  the  Rectum. 

Delivered  at  the  Beilevue  Hospital  Mediixd-  Qdie^. 
Session,  of  1869-'70. 


PlofcMDi  of  the  Prtedplee 


By  W.    H.    VAN    1 


Iplee  of  Boreiirr  wtt 
faedledCoW:  01 


;  H.  D.. 

u  OenUa-Crinuy  Ornu.  «te.  tt  (ht 
itam  e/lbe  Xeir  V<vk  11^ 


hologlal  Soolely  of  Mew  Vorii,  ets^  el 

1  T«L,  lamo.   164  pp.   DlMfc,  tl.SO. 

u  budl;  noMBBJUT  to  more  thu  mmUon  the  nvse  of  the  ulher  nt  ttiU  «il 
e  Id  order  Id  Influre  theet '—    '  "-  '     ■-     ■■'■      -    ■-  -*-       -  -- 

■dUkm.  and  bud  ■  mora  t 
.  ud  DO  one  bu  pild  lb*  ■ 


.i^SrSr 


i 


VAN  BTTREN"  AND  KEYES. 


A  Practical   Treatise  on  the  Surgical 

IHxenKn  of  the  Genito- Urinury  Orffans,  indmling  Syp/ii- 
ii^.  JJesiffned  m  a  Manual  for  StudenU  and  J^actUion- 
tr«.     With  Migravingf  and  Casea. 

Br  W.  H.  VAN  BUBEN,  A.  M,,  M.  D., 

PnlMHT  of  PrindplM  at  Burfoy,  witfc  DIf eot«  or  It*  Ooilio-Friiury  Sj^lcid  ai  CHolell 

Burnn.loBiincTaB  BoiiilUgl  M«IUbI  Calkpe;  CoDi'DmBf  SniveoB  U>  Ibv  Now  Yoric 

lloapiul.  Uu  Charity  BuplUI,  etc;  uiT 

G.  L.  EETE5,  A.  U.,  U.  D., 

FnlliHor  of  Ihrmstology  In  BcllevnD  Il«plu]  UcdloJ  Collmi:  Smswin  to  Ihv  Chuilr  Honl- 

til  Tenereal  IHvUdao:  CoiuulUnft  DrnnMnloclit  to  Iha  Bnnau  of  Oat-Dour  ItsIK 

Bulloiuo  HmtJtil,  lie 

lTOl..eTa.   Clotli,  «S-O0;SliMp,  «e.oo. 

Tllia  work  U  rcrdly  a  compeDdimn  of,  and  a  book  of  rererencc  lo,  sll  modem 
work*  treating  in  any  "■y  of  tbo  surgical  discaats  of  the  gcuiw-uriiiBry  organs. 
At  the  same  titua,  do  olher  single  book  conlaina  so  large  au  arraj  of  oriyiiud 
faoia  coDcerDing  (he  claas  of  diseases  with  which  it  deals.  Tbeae  facts  are 
largely  drawn  tram  the  eitenaive  and  varied  Gxpeiiecoe  of  the  authors. 

Uany  imporUnt  branches  of  genito-urinary  disease:,  as  tlie  cutaneous  ntata- 
difs  of  the  penis  and  acrotum,  receive  ■  tborougb  and  eihausiive  treatment  that 
the  profeasioDiil  reader  will  search  for  elaewberR  in  Tain. 

Both  to  the  EpeciolUt  and  the  general  practitioner  the  nork  coinineuds  itself 
as  one  of  ioefltimablc  value. 

The  work  ia  a  marvel  of  conclseneas,  and  very  rarely  Is  so  much  condensa- 
tioa  accomplished  without  losi  of  nuy  raliutble  points  of  dcinil.  A  glance  at 
ibe  table  of  contenls  will  give  an  idea  of  the  scope  of  the  volume,  but  only  a 
careful  perusal  of  the  work  will  convince  the  reader  Ibat  full  justice  has  beea 
done  10  all  the  various  branches  of  this  higbly-inierestiDg  class  of  diseases. 

The  work  Is  elegantly  and  profusely  Ulnstrated,  and  enriuhed  by  fltly-Sve 
original  cases,  setting  forth  obscure  and  difficult  points  in  diagnosis  and  treatment. 

"Tbe  first  pftri  is  devoted  to  the  Surgical  Disw see  of  the  OeniCo-Urinarj 
Organs;  and  part  second  Ircnis  of  Chancroid  and  Syphilis.  Tbe  sulhors  'ap- 
pear to  hare  suceecried  admirably  in  giving  to  tbe  world  an  eibaiistivc  and 
reliable  treatise  on  this  important  clnss  ol  diseasea.' " — Korlhratent  Midiod  and 
Surgieol  Journal. 

"  It  is  B  most  complete  digest  of  what  lias  long  been  known,  and  of  what  haa 
been  more  rcreuily  dii^covered  In  the  Geld  of  syphilitic  and  gmi to-urinary  diB- 
Orilera.  It  is  perhaps  not  on  exaggeration  to  say  that  no  single  work  upon  the 
same  subject  has  jet  appeared,  In  this  or  any  foreign  language,  which  is  snperior 
to  it." — C/tUago  MtdUal  EatminiT. 

"  The  commanding  reputa^on  of  Dr.  Van  Buren  In  this  specialty  and  of  lh« 
gnat  school  and  hospital  from  wbicb  ho  has  drawn  his  clinical  uateriale,  together 
with  the  general  interest  which  attaches  to  the  subject-matter  itself,  will,  we 
trust,  lead  very  many  of  those  for  whom  it  ia  our  office  to  cater,  to  jrassess  Ihcm- 
aelves  at  once  oT  the  volume  and  form  their  own  opinions  of  ita  merit." — Atlanta 
JMieal  luut  Surgical  Jountal. 


D.  ApplOon  S  Co.'*  Medical  JtOtitatiomt. 
VOGEL. 

Practical  Treatise  on  the  Diseases 

of  Children.  Second  ATnerican  from  the  Fovrik 
German  Edition.  lUuttrcUed  hy  Six  ZitAoffn^iJm 
Plates. 

By  AlfBED  VOGEL,  M.  D., 

rrriin  rf 'TTiliiTTi  lliliiilii  rlii  Tiili  iiBj  iirfi  ijiH.  ITiBti 


D  ASS  xDtnn  BT 
K  APHAEL,    H.  D., 

UsEoiueSiircHiiloBeDnlwEoqimi:  FhT^etulollw  EmMoi  Wafrntarftat  ^ 
0/ ChlUitn,  Mt.  Mc. 

1  TOL,  ttO.     Bll  pp.     Clotb,  tUO. 

The  work  b  well  up  to  the  present  stnte  of  pathological  know 
complete  withont  onDeceaaaij  prolijitr;  its  87111  ptom&Iology  i 
evidentlr  the  resolt  of  c&reftil  observation  of  a  coii<pet«nt  and  eipMi- 
enced  clinical  practitioner.  The  diagnosia  and  differential  relatioiM  of 
diseaaes  to  each  other  are  accnrately  described,  and  the  tberapfntiea 
Judicious  and  discriininadng.  All  poljpharmac;  is  discarded,  aad  only 
the  remedies  which  appeared  nseful  to  the  anthor  commended. 

It  contains  innch  that  moat  gnin  for  it  the  merited  prnaa  of  aU  im- 
partial jadges,  and  prove  it  to  be  an  invalnable  t«it-book  for  IIm  rtn- 
dent  and  practitioner,  and  a  aafe  and  mefid  guide  in  the  diffiooll  but  alK 
important  department  of  Ptediatrioa. 

"  Bapidlt  ptuing  to  a  fourth  edition  ia  Gennanv,  acd  trtnilatMt  Into  Iht«« 
other  lan^agM,  Amtrrica  doh  bai  the  credit  of  presenting  ch«  firn  En^fidi  ywf- 
'"'      '  ■  book  irbieb  must  take  ■  promioent,  if  noi  the  le&dine.  positkiD  aoHBg 


worici  dtToted  to  tliia  class  of  dise»se." — N.  T.  Jftdital  Jom 


"  The  tranalatoc  hai  bem  more  ibui  onfinarilT  ■aoeeaffid,  and  iaa  Uboca 
have  recalted  in  wbat,  in  ciery  aeiue,  is  ■  Talnable  contribution  to  ntediea. 
science." — Ftfckeiogical  JoutnaL 

"We  do  not  linow  of  a  compact  l«i(-book  od  the  diKases  of  children  ia«rm 
completf.  more  eomprehen^iTe,  mere  replete  «ilh  practical  raiurks  and 
fact^  more  bi  keeping  with  the  dcelopmeiit  of  modern  medicine,  and 
vorlhT  of  the  ■tteniicm  of  the  profcoiion,  than  that  which  has  been  th*  ■ 
of  our  remarks." — Jmmal  of  Oittitriia. 


J>.  Applfton  db   Co.'8  Medical  Publications. 


The  Mineral  Springs  of  the  United 

States  and  Canada,  with  Analysea  tmd  Notes  on  the 
Prominent  Sj>as  of  Europe,  and  a  LUt  of  Seaside 
Sesorts.    An  enlarged  and  revised  edition. 

By  GEORGE  E.  WALTON,  M.D., 

LfVliiKr  DD  Malaria  ilcdlra  !q  Die  Ulaml  Uridlcal  OuUegi^  dodimitl, 

I  vol.,  12iiio.   3H  pagat,  with  Kkpa,   Prioa,  tE.OO. 

The  aathor  has  given  the  analjaes  of  all  the  apringa  in  ihis  country  and 
those  of  the  principal  Earopean  spas,  reduced  to  a  unit'orm  stnndord  of 
one  wiae-pint,  so  that  thoy  ma;  readily  be  compared.    Ho  has  an-flnged 
the  spriogs  of  America  and  Europe  in  aeven  distinct  classes,  and  de- 
I  tcrihod  the  diaooses  to  which  mineral  waters  are  adapted,  with  refer- 

ences to  the  class  of  waters  applicable  to  the  treHtment,  and  the  pecul- 
[  iar  charnoteriatica  of  each  spring  as  near  as  known  are  given — also,  the 

I  location,  mode  of  access,  and  jiost-office  address  of  every  spring  are  men- 

I  tioned.    In  addition,  be  has  described  the  various  kinds  of  baths  and 

^^^^Jhe  appropriate  nao  of  them  in  the  treatment  of  disease. 


KZTBACT8  TBOK  OPIHIONB  Of  THE  PBESS. 

.  Precise  ami  compreh^siv^,  prcfentii 


r  Use 

I  than 

I  p1e« 

\  be* 


■  BterB,  but  their  therapeutic  value,  *o  Ihal  phjsicians  can  lierealU'r  odvTae 
use  u  iatelligently  aud  benelicjally  aa  they  can  other  raluabie  nUeiiiLive 
agenu.' ' — SanUarian, 

"...  Will  lead  to  eolightea  both  the  profession  axA  the  people  on  this 
qnealloD." — H.  T.  AMicalJoumaL 

"...  Contains  in  brief  space  a  rast  amount  of  important  and  intereiting 
matter,  well  arranged  and  well  presented.     Nearly  every  phyeician  needs  jusl 
volume.'' — ffieSwonrf  tmd  LouinrilU  Iftdieal  Journal. 
,  .  Fills  this  necessity  in  ■  scientific  and  pleasing  manner,  and  can  l>e  read 
advantogo  b J  the  pb jeician  OS  weUftalajniui." — AmcritaHJtmr.ii/OUMriet. 

tJvTTsnrrr  or  TiaaDnt,  Jimt  t,  ItK. 
OcKtLEMBN :  I  have  received  by  mall  a  copy  of  Dr.  Walton's  work  on  the 
Uoeral  Springs  of  thn  United  States  and  Csnada.     Be  pleased  to  aecapt  my 
work  which  I  have  been  eagerly  looking  for  ever  since  I  hnd  the 
pleasure  of  meeting  the  author  in  the  suiDiner  of  1871 ,    He  saliifiod  me  that 
well  qualified  to  write  a  reliable  work  on  this  subject,  and  I  doubt  not 
lie  has  met  my  eipeotatlons.    Such  a  work  was  greatly  needed,  and,  if  oRbred 
for  sale  at  the  principal  mineral  springs  of  the  country,  will,  I  believe,  eotn. 
ready  sale.    Very  respectfully  jroun, 

J.   L.    ClSELL,  U.  D. 
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Tm  Pdhjla*  Bimib™  Mosrail  w«i  tUrltd 
knovlfd^rL  fn  j>  mAihli  uid  ittnctliic  Ainn.  wnu' 
br  mMiwuiiiu)tpncd  br  no  olbac  pcHodlcd  IB  t 

Tbe  gnal  IMara  «r  the  DugutaB  ti,  Uiil  lu  <n 
inn  sloca  bat  what  It  bt  lu-oir.  fmh  ftmn  ilk 
rlnlliFd  IB  tho  UiieDBn  iif  the  aDawn.  tBnMm,  ■ 

IcHllnfr  miodi  of  Kbgland,  France.  Germaay,  ifid  tbo  roiled  Slatra.    Amoof  tmi 
eoTtriiitthsiibiileniDe*orNiTraAL  acnan,iFe  hatr  the  lii«i  tbooiht*  ma  ■ 

.  .^^ ^_  udFtalbMon  Suiki.  TjodA  IDd  E.  A.  ProcUr.    Stucf  Ucatvt.' 

1  to«TfiT  Mrnd  or  Klenllttc  [focnaAbnil  onlTCfial  adoodlBS :  1 

.    .  feoouM  not  bif  inadv  apf  thln^  but  dry  fttqdT. 

The  [nw  ID  OTtr  tin  lud  li  mnnlj-  oomiHiidliie  II.    Wi 
Hum  rvHinlf  etTu: 

"A  J01U111I  irblob  pmnlftH  la  be  of  «Dibrat  valo?  to  the  « 
««Bnt[j."— .\«iB  For*  7M»w«. 

-It Ilk btyaaJ^mpariMn.  the  b«l  atlempl  1 

"Ths  iBlUil  number  t>  adntlrablf  roDitltnUd."— AvnfBf  Matt. 
'  Ib  mir  opIMoB,  Ibe  rl^t  Idna  hat  bwn  bappOy  fall  Jo  the  ptan  sf 


AoMBf  tninitav  artMa. 


nf  pojiolar  ed 


ortheklni 


-<  JoM  the  pt 

KMTcikllrdlulJoa 

\«ToAM«ll<al4oTi, 
A|i|ilebjiu' 


a  Mtded  at  Ihe  pnaeot  dlj.'— JTOHtrMf  OOuOf. 


Popular  Srfwee  MrnilUr. 


irtia1ofUI0alBn,efluiM.aBlAit.    Id* 


A  JaariiMi,  Popglar  Sdesce  MoDlblj.  and  Vaeklir  J 


snlu  ar  cbKt  10  tbn  rabUtbn*. 
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